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Sarnr Laxe Crry, Urat,
December, 276h, 1893
Honorable Heber M, Wells, Governor of Ctah,

ST compliance with Section 2458, Chapter 8,
Revised $tatutes of Utah, 1898, 1 have the honor Lo
submit o veport of the work of this oflice during the
pust. Lwo years, with such recommendations as o
amendments of the existing laws relating to irrigation
and the emetment of new laws as will, | trust, promote
the publie welfare,

Respectiully,
RopenT . GEMMELL,
State Engineer,



APPOINTMENTS.

On April, Ist, 1897, Mvr, Willird Young, having
heen duly appointed to the office, assumed the duties
of State Iingineer of Utah,  After war was declared
against Spain, My, Young resigned, to become Col, of
the 2nd Regiment of 1T, 8, Volunteer Engineers, On
August Ist, 1898, the writer was appointed to il the
seaney cansed by the resignation of My, Young,
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Work of Office in 1897-1898.

‘
PREPARATION OF PLANS.

Section 2451 of the Revised Statutes provides that
the State Iingineer shall, under the direction of tho
Board of Land Commissioners,prepare plans and speet-
fications for, and have genceral supervision over, any
works relating to irvigation in which the State may
have any interest,  No work of this kind has yot been
attempted "y the State,

BECORD OF STREAM MEASBUREMENTS,

Seetion 2452 provides that the State Enginevr shall
keep i record of messtroment of streanss, ete, No
provision is made, however, whereby he s ennbled (o
mesure thestreawms,  The ofiice, therefore, can only
hoep records of sueh measurements as have heen, o
iy by mde by the United StatesGGovernment,  Mhis
is bieing done, '

APPROY AL OF PLANS,

Heotbon M8 provides thst all plans of damsor
ehikeos, whiem thiee samiee savee wvores Cisin Len foet in helght,
shianl Biee mprparsanesd Byt Shater Bngdneer,  No provision
be poasnader, Brooweewer, fen wcomalallee Baingn Hoo maeae 8 fazat a%w JRET]IN
i specifieatbons ape carefmdly olmeryed,  Heo could
tinrly Ry o, Do fieoled pesponsibbe i any way fore any
fenklanwast,  MUME, thobs saetbon of the Bas s ey of
sieeprieiene Bon Bloee piosoples, s W Boes gghvaemn Khacan e beneidy
ol comstelting ciimeat g advion frve of clarge, St
sitbpiecs vishermn off Kl constrnetbon of amis weonibd b fon
s pactinh Ve amell Bomn wasphoonts o Bnnraden s U St
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The following is a list of dams,the plans and speci-
fications for which have been approved by this office:

The dam of the Otter Creek Reservoir Company is
located on Otter Creek in Sec. 28, T. 30 S., R. 2 W.,
Piute Co., at a point about 100 yards above the junc-
tion of Otter Creek with the Wast Fork of the Sevier
river. The general plan for this dam was approved on

- Nov. 2nd, 1897, by Mr. Willard Young. The maxi-

muin height is to be 40 feet; maximum width at base,
210 feet; width on top, 30 feet; length on top, 1200 teet.
The dam is to be a combination of a homogencous
earthen dam on the upstream side with a loose rock
dam on the downstream side. The upstream slope is to
be 3 feet horizontal to 1 vertical, and the downstrenm
slone 1§ feet horizontal to 1 vertieal, The wasteway
is to be over solid rock at the North end of the dam,
and the water is to be drawn [rom the reservoiv
through a tunnel in solid rock at the South end of the
dam,  "Che peservoir formed by this dam will have g
surfincee area of 2179 acres and a storage capacity of
41,071 acre feet of water,  The dam is being construet.
ed by the Girmers of Sevier and Piute connties, whao
work upon it during the Spring and Fall months, They
hope to have it completed by Tanuary, Ist, 1900, Tho
top of the dwm, after completion, will form o paret of
the county road,

"Phe nnin dam of the Deseret and Sult Lake Canal
Company is located on the Sevier river, near Oasis, in
il county, Seetion 10, ‘1% 108, R, 6 W, Tt s g
homagencous carthen dam,  with upstream slope of 4
feet hovizomtal to 1 vertieal and downstream slop of 13
feet horizontal te 1 vertical. The maximum height is
20 feet; maximumowidth at base, 10 feet; width on top,
A feets length on top, 1200 feet, N\ second dam had to
e buill where o narvow neck of pradrie 200 feet wide
sepiriting two bemds of the river had been ent throngh,
The dimensions of this dam are practically the snne as
those of the main dam, except that its length s only
about 130 fiet,  Phe wastowiy s throngh s wooaden
flume, & feet deep and 100 feet wide, located ahoat 1
mile Sonthensterly from the main dam,  ‘Mhe water s
destwn from the reseivoir Uirongh canals provided with
suitiable hedgates, Phe reservoir fopmed by the dum
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has a surface area of 940 acres and a storage capacity of
10,000 acre feet. The construction work was com-
pleted during the summer of 1898,

The dam of the the Davis and \Veber Counties
Canal Company is located on East Canyon Creek in
Sec. 10, T. 2 N., R. 3 E., Morgan county. The gen-
eral plan of this dam was approved Aug. 15th, 1898.
The maximum height is to be 68 feet; maximum width
at base, 202 feet; widbh on top, 15 fect; length on top,
100. The dam is to be of the type known as a rock-
filled dam, on a foundation of Portland cement con-
erete reaching to bed-rock, Imperviousness is to be
secured by means of a center core wall of viveted steel
plates imbedded in asphalt concrete, both of  which
extend from the foundation to the top of the dam, Ihe
up-stream slope is to be § ft, hovizontal to one vertical,
and the down-stream slope is to he 2 ft. horizontal to
I vertical,  "he wasteway is- to be over solid rock at,
the South end of the dam, and the water isto be drawn
from the reservoir through a tunnel in solid rock at the
North end of the dam,  The reservoir formed by this
diam will hate a sarfaee area of 280 aeres and a storage
capiteity of 13,840 acre feet, The dam is now under
construction and will be completed this winter,

The dam of Payson City reservoir is located  in
Potetnect Canyon, nenre the sonrvewof stream of sime
mime, in Utah county,  The  maxinupn height is 30
feet; maximum width at base, 100 feet; width on top,
10 teety length on top 475 feet, It is o homogencous
cirthen daom, with up-strenm slope 3 feet Qorizontal ta
L vertical and down-stream slope of 2 feet horizontal
to 1 vertical, "Phe wissteway is near the Southwestoply
vied of Lthe veservoir, over a siaddle op divide leading
into another fork of the canyon, and the water is
deswn rom the vesorvoir through an 8 inch east iron
pipes bnid throngh the cmbankment.  “The resorvaoir
formead by this dam has o sarface aren of 2001 aovens
ined s storge capacity of 284 aere feet. "Mhe dam
wits budlt fast summer for the purpose of ineroasing
the witter sapply of Payson City,

Phe Sandridge Ressarvole and Canal Company s
it is dovated in about tie conter of San Pete county,
nenr the town of Epheadm 16 s o homogoneons
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earthen dam, with upstream slope of 3 feet horizontal
to 1 vertical and downstream slope of 13 feet horizontal
to1lvertical. The maximumheight is 23 feet; maximum
width at base, 114 feet; width on top, 10 feet; length on
top, about 600 feet. T'he wasteway is to be over solid
rock near the West end of the dam, and the water is to
be drawn from tlie reservoir through a 16-inch wood
gtave pipe laid through the enbankment. The reser-
voir formed by the dam has a surface area of 80 acres
and a storage capacity of 1,200 acre tfeet. T'he dam is
being built by the farmers and will be completed
during the spring of 1899,

The Donkey Creek Reservoir Company’s dam is
located in Wayne county, south of the town of Teas-
dale. It is constructed of loose rock, timber and earth,
’he maximum height is 15 feet; maximum depth of
waber, 12 feet.  "The reservoir formed by the dam has
an area of 80 acres and a storage capacily of 400 acre
feet,

The total storage capacity of the six reservoirs
above deseribed is 66,724 acre feet,  After allowing
for losses by seepage and evaporation, this amount of
wiater, if properly handled and controlled, should yo-
deem at least 33,000 aceres of land,

Por the benelit of dam builders, and for the sake
of weeuring uniformity in the plans and specilientions
to be filed in this oflee, full instractionsregavding the
prepiviation of the snme have been printed, A\ copy of
these instructions is attached Lo this report, marked
Kxhibit * A

INSPECTION OF DAM:3, &

Necetion 2455 provides that *Phe state engineer
shiall inspeet, o catsie 1o be inspected, as often as he
thinks advisable, overy dam or embankment used for
holding wiater in this State, where the sione is more
thap 10 feat in height, oie Phis has been done, P'wo
disis have boen repaived, and  the constmetion of one
hits been stopped, by the ordess of this ofies,

IXFORMATIONR A3 7O WATER MEAARZREMENTS,

Neetion 26T provides that the State Eagineor shall
give infornmtion ax to measuvemenits of wiler to any-
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one desiring it, and, further, that he ‘‘Shall give
special instructions to all watermasters as to measure-
ments of water, soas to secure a just distribution of the
same. "’ '

People in all parts of the State have taken advan-
tage of the first clause of this section, and this office
has cheerfully furnished the informationdesired. Tt
has been very gratifying to the State Engineer to find
so many people anxious to learn about the methods of
measuring water accurately,

The Tatter clause of this section has given the
engineer as much, if not more, work than all of his
other duties combined. It would be quite impractic-
able to instruct all of the watermasters in the state hy
word of mouth, and the engineer has, therefore, pre-
pared and published a pamphlet upon the subjoct,
Letters have also been addressed to every mayor and
every postmaster in the State, asking for names and
addresses of watermasters, 16 is hoped 1o soon have
aeomplete list of all watermasters in the State,  As
fast as names and addresses are received, copies of the
pamphlet will e sent to watermasters free of chargo,

This pamphlet gives full explimations as to the
iteenriey and usefulness of the weir method of mea-
surement. I ostates the conditions necessary for aes
caritbe measurement; expliains fully how to measure the
head of water npon a weir, and how to construel n
weir, griving o sullicient number of illustations wwd
plians Lo muke the text elear to anyone, It also gives
full explimations as to madules, divisors, and the me-
thod of distribution of water by time.  Phe lattor half
of the book tmbout 30 pages) consists of tables, wiving
diehirges in cubie feet per second over reetangulay
\wi_mmuit"ip'pui'n:vi,!,imeuzaﬁdul woirs, Very few water
mastors in Ulah ave engineers, and it was thought
bewt Lo 5o constiuet these tables that the discharges
wight be vead withont the necossity of making any
citbenlations whatever,  “This made a0 great dea) of
work for this offiee, fnvolvime, o5 it did, thousands of
computations, I is believed that these welr tables
are the mest complete that have over been published,
il it s hoped thst watermisters will wake good e
of them, A copy of the pamphlet s onclosal with
this veport, market Exhibit 3",
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FEES FOR EXAMINATIONS,

Section 2459 provides that the State Engineer
shall collect fees for services rendered in the location
or examination of dam sites, etc. The following fees
have been collected by this office:—

April 2nd, 1897. Holmes Creek Trrigation Com-

pmy%; 4 00
April 9th, 1897. Theo. Brandley, Mayor of

Richfield ... oo i, 1200
April 10th, 1807. Sevier County Cowrt..... .. 4 00
July 6th, 1897. South Jordan Canal Company.. 4 00
July 13th, 1897,  George Taylov......ooooonn 4 00
Sept. 14th, 1897. W, D. Robinson, Mayor of

) American Fork. ..o v 00
Sept. 22nd, 1807, Beaver Creek  lrrig. and
Reservoir CoOmpuny oo cvvve oo 8 00

Sopt. 24th, 1897, Otter Creek Reservoir Com-
L S E LR RN TR 8 00
Peb’y 12th, 1808, Davis and Weber Counties
Conal COMPANY v vv v i i ee e 400
Sept. Ist, 1898, City of Monroe. oo 300
Sopt. 2nd, 1808, Sandrvidge Reservoir and Canal

COMPANY L 1+ ve v vinsie s veearananananans o
Nov. Ist, 1808,  Davis and Weber Counties Cinal

COMPANY. 1 orovesrrienanss orer senneeny LU0
Nov. Ist, 1808, Salt Lake and Deseret Resoer-
voir and Capal Company.. ... ..o 000

Total Amount of Fees Callected o 878 00

Phe above imount hias been il iato the State
Prensiry,  No fees have been chavged the reservoir
companfes for adviee, except in eases where the en-
gineer wis valled upon to Hum‘v the city, in order to
personally exmming the reservoir sites,

JEpp—"l -
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EXPENDITURES.

Section 2451 provides that the sum to be expended
for expenses of the office shall not exceed five hundred
dollars per year. The following is a list of the ex-
penses incurred during 1897-1898:—

| EXPENSES FOR 1807-1898.

May 4th, 1897. Geo. Q. Canmon & Sons Co.,
SUPPHES v o vvve s e e B 2082
May 4th, 1897 7. C. M. L, Letter Press, ... 7 50
June 26th, 1897. Geo. Q. Cannon & Sons Co.,,
SUPPHES c. v BTD
June 26th, 1897, Utah Lithographing Co, Let-
ter Heads ... oo s
June 2uth, 1807, Deseret Nows Co,, Fnvelopes 2650
July 20th, 1807, Willard Young, Traveling l9x-
penses., . .. e e s 1B 00
Aug., 281, 1897, Margetts Bros,, Supplies.... 2055
Oct, 26th, 1897,  Willkud Young, Oflice Fx-
DENBOS. v e vevrvenr o ae e eae oo
Do, 18th, 1897, Margetts Bros,, Office kix-
PORBOS oo v vvn oo anee aaeensees oo 1000
Jan, 15th, 1898, Willard Young, Ollce Fy-
PEIIBES 0 sy s isas e s ar e
Jip 18Lh, 1898, Bogrg, Depte 8B, L.t See
VHOOM, e ie s o s e LT
I'eb, 24th, 1398, C. R, Savage, Supplies., ... 1220
April 21s8, 1303, B M, Corell, Serviees..... 0 60

June 24th, 1398, City Fage, 8, L G, Supplies. 430
Nov. 2nd, 1893, Descret News, Cirenhues, o0 800
Dee, 270, 1895, Disoret. News, Bavelopes...o 27 0
Diae, 2700, 1895, Deseret News, Civenlars. ..o 273

Prewe, 2700, 103, Wi, H]wm-ur, hecking Woir
SIS e i cnine s e es HAEOU

D, 27th, 18895, O, [L Spencer, ‘Pypewriting

Do, 270h, 1808, Doseret News, S Iistractions
to Wakermastors' ..o CLut o0

1) G0

Petad Amount ol Expenses Inenvred, 3770 72
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IRRIGATION INVESTIGATIONS.

In eonnection with what I am going to say regard-
ing the irrigation laws of Utah, I desire to quote a
part of the Report of the Director of the Office of
Experiment Stations for 1898 upon *‘Divigation Investi-
gations,’” as follows:

“The following statements, taken from a recent
communication of Professor Mead of this office, may
serve to show some of the ways in which the depart-
ment may profitably work and the largeness of the
interests and problems rvequiring its aid in the irvi-
gated region:”

“Phe first purpose of this investigation is to aid
farmers now living on irrigated land.” '

“To do this it is proposed to colleet and publish
the available data relative to water rights, this to in-
clude the methods of acquirement, the control of
streams and ditehes by States and individuals, and a
discussion and publication of the laws and methods of
using and distributing water in the several avid States
and in other countries.  The need of this informa-
Lion and of a better understanding of  our situation
than the great mass of fnrmers now have is imperative,
The diversion and control of stremms have created a
mmnber of new and novel problems for which laws.
mukers, courts, or furmers have as yet no adequate
solution,  "Phese are already assuming an importanee
which makes it manifest that the security of the jrei
gated home and the sueeess of  settlers on irvigated
Innd sre destined to depond largely upon their settle
ment,  In ievigated regions values do not inhere in
Lnd, but in thewater which fortilizes it,. - No amount.
of industey or skill on the part of the husbandman will
bring a satisfactors vetien undess with it there goos
effvetive and just control of the stream from which he
aied others draw their common supply, o this matter
the inedividunl is Baelpless,  His sueeess depends on his
obtaining his proper shiave of the water supply, and
this denst ot pest on b own elforts, but on proper ad-
ministrative regulations,  Oue ek of knowledyse o
these faets and the comparative papidity. of  anre de-
velopment have vansed the e of water 1o antrag
Baws Lo grovern i ceonomdenl e o jast disposition,
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As a vesult, irrigated farms are threatened with
controversies and liti%ation which, if not averted, must
prove disastrous. * ¥ Courts and lawmalkers hesitate
to deal decisively with these questions, because: they
have not the requisite knowledge on which to base
conclusive legislation. The department of agriculture
can do the West no greater service than to aid in put-
ting the knowledge we alrcady have in available
form.”’ '

“Phere is need of a systematic investigation to
determine the volume of water used in the growth of
crops, both to determine the requirements ol different
crops and of different climates and to determine the
relation between the viriations in the demands of
erops and the fluctations in the flow of streams,  "This
information is needed as a basis for the proper division
of streams by administrative ofticers, T4 is needed by
canal Lailders in order Lo propoerly design these streae-
tures, T4 is needed by farmers to promote the saving
of water, and thus limit losses through an inadeguate
supply or extend the aereage which can be cultivatod,
It is most serionsly needed, however, to guide in the
making of just ind proper water-right decrees, Tn the
disposil of streams conrts cannot now properly fix the
volume to which approprintors are entitled, Uil
they kuow how much water iprigators use, they cannat.
decide how mueh they should veeeive,”

SPhese measarements shonld be made to show the
ntility of storage reservoivs and the paret they can he
made to perform in both saving the evops of farmers
now slong streams and making it possible forothers to
settle there,  Without a definite knowledge of the
varintions which exist between the use of waterin
different wonths of the irrigation svison and the e
tusation in the diselarge of a4 stream, wo can only con-
Jeeture as to the amonnt of Hood water availadle for
storiges A Feeenl investigation of tiis guestivnshows
an bt enthve absence of data on this subject, Iy
only threae st iave there beoany pabilic detorming:
thoaks of the volimme of  water actaally ssed o iveia -
tion, anid Bl dave peither embraesd the e por
brecett conbinngend over s sulicient greriad to siable them
tor b verapedidd o conehindve,”

L

foh



AL v
84

16

“The objects of the work which this office has
undertaken regarding the laws and institutions of the
irrigated region are: (1) To aid courts and administra-
tive officers in the adjudication of claims respecting
water rights; (2) to bring out the defects in existing
laws and methods of administration, and to furnish im-
partial and adequate information on which wiser and
more equitable legislation and court decisions may be
based, and (3) to assist farmers in the acquirement of
water rights and to protect their inferests in the ap-
propriation and use of water for irrigation.”

This should be good news for every farmer in
Utah, but in order that they may take advantage of
the information thus obtained, the State of Utah must
herself take some action in the divection of forming
mew brigation laws,

NEEDED LEGISLATION,

I'f we do not tuke into account the irvigators of
pre-historie times, we may safely say  that the people
of Utal were the first Lo practice the art of irvigation
in this country.  This being so, we would naburally ox-
peet Utah to be the most advanced of any State or
Tervitory in the Union on the question of imvigating
lws governing the title to, and the just distribution
of, the waters of the State,  On the conteary, unfor-
tunately, we find that she s prabably the least ad-
vitneed in these respects,

Water is personal property in Utah, and yet a
very small pereentage of the irrlgators of tah have
unelisputed, logally defined claims to water vights,
So far as the wreiter is able to judge, it is necossary in
this Hitate to go into the courts in order (o aequire
titles to water, Phis is not only a very oxpensive
methad, but it is also one that requires much time,
T'he trinl of vue case sometimes costs as much as weald
bee rmluirml to run a properly organized State Fn-
grineer’s otlee s Huam‘ of Contreal for an cative year,
e i ense that coubd be adjidieated inoa couple of
months by o Boavd of Contrel niy reguire two or three
yeirs time to be deelded by the convts, Again, the
trinds of witber ciases are oflen were farees, Thin s
not intended as o vetleetion npon the conrts, So faras

R
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the writer’s observation goes, the attorneys and judges
always endeaver to get at the truth, but the character
of the testimony is such that it is impossible to obtain
a just and proper decree. How is it possible to pro-
perly decide a case, when the very evidence upon
which the decree should be based is unobtainable? This
is owing to the fact that we have no series of stream
measurements and no reliable information as to the
duty of water. The last question should be accurately
solved for each case, as some soils and some crops re-
quire more water than others. .

Generally, the testimony introduced as to the
duty of water is of the following kind:

Q. Mr. Smith, for how long a time have you
farmed in this locality ?

A, About 15 years,

Q. Do you think you have a pretty good iden as
to the duty of water for this particular secetion?

A, Yes, sir,

Q. How large is your firm, M, Smith?

A, PForty acres,

Q. How much of it do you irvigatey

A, About 35 acres,

Q. And how much water do yon reguirve in order
to produce a good erop?

A, One good irpignting stream,

Q. Plowing constantly,

A, Yo, sin

(.,  Now just what do you mean by the expression
“One good jeeigating stroam”

A D mean a stream 10 inches wide ad 5 inches
deep,

Q. Yes, and what quantity of water will sueh a
ALrenm givey

A, Pifty inches,

Q. Fifty eubice inehes per sevond

A, Noy sies ity sopiere inchoes,

(. But, M. Smith, yon cannot measuee volunes
of wister in sgquare inches, Cigr yon not state 1o the
vonrt sbout Bow many cubie feel per osecond sueh
sbrestm would diseharge?

A, Noy, sies we never measiee water thut way,

(. Can you not state about what the mean ve
foeity of the witer inosueh o steeam wonlid he?
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A. No, sir; never measured it.
Q. Well, then, how do you measure this stream
which you call “‘fifty inches’’?

A. 1In a box about 10 inches wide, 6 inches deep
and 8 feet long.

Q. And how much fall do you give to this box?

A. A few inches.

Q. But that is indefinite. Can you not state just
how much fall the particular measuring box on your
farm has?

A, Well, you see it is this way: When we put the
box in, we may give it, say, a fall of about 2 inches;
then perhaps the water slops over and washes out the
diteh and lets the lower end of the hox down 8 or 4

inches, so that the fall is 5 or 6 inches.

Q. And you still ¢all the discharge fifty inches,
no matter whether the hox has a fall of 2 inches or 6
inche,? :

A, Yes, sirv,

Q. That is all, My, Smith,

Then, perhaps, an engineer is put on the stund to
testify us to what the duty of water would be, if, to
irrigate abont 35 neves, it requires o steeam about 10
inches wideand 5 inches deep flowing through o hox
abont B feot long, with a fall of ¢bout 2 to 6 inches in
its length, "This is a faie sample,  Days mny bo con-
sumed i eliciting sueh testimony, and when it isall in,
no proper evidence his been obtained upon which to
hase n decren, »

Professor Blwood Mead, State Engineer of Wyom-
ing, who his achieved a wide roputation as a student
of ireigation problems in the West, has beon selected
as consulting expert and chief assistant in planming
and carrying out the ivvigation work which the oftice of
Fxperiment Stations has undertaken, He has already
made a study of the drvigation, laws of Uty amd ]
desire heve Lo guote from bis poccliminary veport, as
follows: ’

*Phe ivvigation lsvs of Utah afect o hrger pers
centigge of her people than da those of any other
arld State, "Phe drvigated famns are siall, amd, with
He exeeptions, are owneil by the peopleschoenltivatn
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them. They are exceedingly productive, and ave rap-
idly enhancing in value,” = * ¥

“Pitles to water are, therefore, of greater import-
ance than deeds to land, and they should be created
with the same care and tested by the same standard.
Tt also seems necessary that, like deeds, they should
be a matter of record so -that the asserted ownership
shall be notorious and that both the extent
and location of the right should be a part
of this record. A rigid definition  of  these
titles and a  special tribunal for their adjudiea-
tion and protection are an especial necessity in Utah
where, through usage and cowrt decisions, the long-
established principles of common law governing rights
to streams have been set aside,  Not only have the
special rights of viparian proprictors been abrogated,
but, the territorial statutes have gone farther than
those of anv other arid commonwealth in making
water persomtl property and in recognizing private and
specenlative ownership in streams,

Cff rights Lo water were limited to irvigationg il
they were inseparable from the lid where acquired
and only the right of use was recognized, the failure to
mitke them o matter of record, or toestablish detinitely
thetr smmonnt, might not be serious, since the land itself
would furnish a means of determining who were en-
titled to the use of streiams, and the necessitios of this
Busd, whicheould atany time be ascertiined, wonldgoy-
e the extent of the Fights but when there are other
wsers: when both mines and fetories are recognized
approprintors of water, aul where the vohme yequived,
wnlike the watering of land, may Hucetuate widely from
year to year, inereasing in volume as the supply he
vomes e vithubsde amd s possession move impor
Gt when eities and towns e cach year absorbing i
Bieger perventige of streimss when power plants are
ehithging tie plitess of diversion sl interfering with
he paatural Bow of streams: when the approprintions
for ferigntion mne boing so ehamged By sades e ex-
ehngreos that their ovigimal chavaoter becomes amatter
of ubeertainty, -t sedegquate msaeires fop the dee
Lermination of these Fights el ws which will Toait
Ll ber e gebual voltme originadly apphivil t bene
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ficial uses become an absolute necessity, if the stability
and value of the irrigated home is to be preserved.”
i1 is an astonishing fact, but one which has to be
recognized, that Utah has never provided for the
gaging of the streams used by appropriators, to show
how much water they carry; nor made, or required to :
be made, any survey of the ditchesand canals claiming ?
vested rights, to show their location and capacity.”

“here is not now, and never has been, any means
by which a prior appropriator could protect himself
from the encroachments of a later user, except by &
resort to the courts.  There is now no way in which a
bona fide user of water can have his right thereto es-
! tablished or enforced, except through a law suit.”

“On many streams the rights which are recognized
as vested are fixed entirely by custom and usage.
They have not behind them the sanction or authority of
any ribunal qualified to give or confirm a title, yet
thoir holders and other appropriators from the same

§ stream recognize their validity and regard them as be-
longing ss completely to their holders as the produets {
of the Helds which their use secures.” !

ST s a peeuliar system, The State does not cliim

any ownership or property rights in these stromms,
henese the titles to water do not come from the com-
momwenlth, 1 is the diteh owners and water users
: themselves who -claim and exereise the vight to con.
rol and divide up among themselves the viver which
pises on hind they do not owng which is fed by suows
on the mountains they do not control, and which {
comes from clouds that are as nimeh public property as %
the air itself,”’ |
oPhe absence, during the tervitorial period, of T
statutory forim of procedure in establishing vights of !
water, or of any detinite anit of measurement. in de- ;
seribing them, has led to their taking curions and
diversificd forms,  Some rights are ased on the aeres ,
irvigateds others on the fraetion of the strenm ownedy \
others on Hie size of the diteh, Al of  these mean ‘
somet kb detinite 1o the owner of the vight, but not
o everybody, T s meh like teying to deseribe real
extate by basing its measirement i some cases on the s
tengeth of @ vopes in ofhersoon the length of a chaing s

N A e a1 o o
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and in others, on the distance the surveyor could
j-uml’).ﬁ % W% #

“Phese facts are not presented as a criticism of
what has been done, but to call attention to conditions
too serious to be ignoved, and because some reform
ought to be had. No higher service can be rendered
the irrigators of Utah than to foreibly and repeatedly
remind them of the necessity of an carly enactment
of an adequate irvigation code,” * % ¥

CRECORDS OF VESTED RIGHTS,

“Phe territorial laws and court decisions gave a
satisfactory basis on which to build up o working code
of laws, but the necessary administrative machinery
has never been provided, — An attempt will be made to
oxplain what is, and has been, Iacking, beginning first
with the nod of an official record of existing rights,”

Slivery user of witer neads to know hoth the exacet,
priovity and amount of his own right and that ol all
others which divide with him the possession of the
common supply.  ‘The first thing looked for in the
study of Utal's irvigation system was the record of
existing rights,  'he veply to the inquiry as to where
they could be found was: *Phere are no records
overy iveigator in Utah carries his title Lo water
around in his bat.'t ‘Phis somewhat rreverent state-
ment is very near the teath,  Probably not one-half
the vested rights are of reeord anywhere, or in any
form, and thoxe recovded are in such form as to give
hittle knowledge of the'existing situntion,””  © 5 %

Phere is no single oftice of record Tor these rights,
Pl records of the county recorder contain the “elajms
to wirtea and the adjudieations of the ex-ofticio hoared
of water comlssioners and such sales amd excehnnges
as thie parties thereto ave seen it o record any-
whiense,

Phes decrees of the courts, which may entively
ehange the ownership sol up in the recorder’s ofllee,
steee Lo bie found i the elerk’s ofties.”’

$An Lthe court decisions are in settlement. of cons
troversiog between individual appropriators aad are
indexed in the wames of Yhe litigants, it is almost ime
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possible for those not familar with the stream to find
these decisions.”

“The claims to water in each county are recorded
in that county alone, but many of the streams which
they aifect cross county boundaries. The Jordan river,
with its feeders, embraces four counties, so that to
examine the claims to a single supply may involve
much travel and expenditure of money and time, all of
which is needless under adequate laws,”

“I'he uncertainties of the orviginal vecords are only
a beginning of the complications which surround water
titles in this state. Many adjudications were made
under the Act of 1880, and a large number of cortifi-
cates issued,  When this lnw was declared invalid the
legality of the titles thus established, under its provi-
sions, hecume questionable, but they are still on rve-
cord; in some instances they govern the use of water,
in others not,” # # %

“Phe oflice of State ngineer was ereated in 1807,
There is groat need of the supervision which this ofliee
canexereise, and il given suflicient authority and
oppovtunity, he ean become the most importunt and
vadunble oflicial in the state so far as the prosperity of
farmoers is concorned,  ‘Dhis cannot result undoer the
Biw as it now stuands, "Phis office should be the plice
of record of all titles; it is not of any,  He should be-
gin ab onee the measuvement of all streams: he has no
funds for the work.,  He should be the administrative
agent for the enforcoment of adjudicated rights: he
has no authority whatever Lo protect vested rights,
Fxcoept in the examination and approval of plans fop
dams, he has no administrative authority whatever,
His powers in ather directions are wholly advisory,
This is not what is needed in dealing with the ehaotiv
situation which confronts the holders of vested vights,
The erention Bf the oftiee, like many other features of
Ehee Tnws Bt enneted, ave all steps in the right divec-
tion, s places Utah among the progressive, as it is
smong the most important aeid commonswealths,”
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RECOMMENDATIONS,

In compliance with the requirements of Section
2458, I desire to make the following recommendations
regarding changes in water laws:

1st. That the State Engineer’s offlce he made the
office of record of all claims to water,

2nd.  That all persons desiring to appropriate
water, before beginntng its diversion, be required to
secure o permit for the same from the State lKngincer.

3rd. That all county records of all c¢laims to ap-
propriations of water be transterred to the oflice of the
State Engineer, who shall elassify and file the same,

4th. That the State of Utah be divided into four or
five water divisions, provision being made for the ap-
pointment of one superintendent for cach division, who
shall report to the State Ingineer.  Division suporin-
tendents to have authority to make regulations t{o
secure the proper distribution of water, reserving the
right of appeal from the regulations of the supevin-
tendents to the State Kngineer,  T'he present system
of wiatermasters tobe continuned, with the provision
that they be veguired to report to the division supevin
tendents,

ath. "That the State Engineer and division supers
imtendents be constituted a board of control, to adju.
dieate the rights of all the public waters of the State,
reseryving the vight of appeal from tne decisions of the
hoard of control io the conrts,

Bth, "Phatprovision be made for the State Fogineor
to muke an examination of any strean to he adjudi-
cittenl, sueh examination 1o include measurements of
discharge of stream, surveys of  canals and ditehes
diverting water therefrom, measurements of lands jp-
vigted by the camls and ditehes, and any other jn-
formation that may be of psistances in the adjudica-
tion,

7th, Phat provision be pads for the apportioning
aof stored  witer  under the divection of the State
Fngineer,

Athe That, in brief, the water lvws of Wyoming
be adopted, with sueh ehanges and nodifleations ans
may best suit the conditions in Utab, repealing all the
conflieting laws now on the statutes of Uiah,
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In this connection, I desire to quote from Kinney
on Irrigation Law, as follows:

KINNEY ON IRRIGATION—PARAGRAPHS 492 AND 493,

«492, Statute of ‘State Control’ and ‘District
Law’ compared. This law, providing for the State
control and use of the waters of the Stateof Wyoming,
is the most elaborate and effective statute of the class
of any of the States or Territories of the arid region.
In contrast to the district law of California, asadapted
to the thickly settled States, the present law of
Wyoming may be considered the best and most eftective
law upon the subject of water-rights governing the
sparsely settled portions of the arid West, Although
we regard the ‘Distriet Law’ as the true economic
principle in the control and application of water for
irvigation, we do not think that the condition of the
sparsely settled States like Wyoming is ready for such
a law, an Californin, when the distriet law was
adopted, the conditions in many parts of the State
where the distriets wore actually organized were sueh
as o make the handling of watersfor irvigation almost
as clearly o matter for municipal control as the
handling of water for domestic use in ¢ities, op the
paving of streets or the laying of sidewalks. Of what.
ntility is the distriet law in the sparsely settled sec-
tions of the country where the solitude is yot to be
broken by the sounds of eivilization, and wheve money
and labor must fivst porform great Gasks before there
ean be o population suflicient to vote bonds or fill the
offfees of the distriet, and where all the antural condi-
gions of the country ave entively different from those
in Calitornin, where the *Wright Law’ has been so sne-
cessful?

qd, ik dast legislntion gives a final and speedy
solution of many of the tronbles that,before its pussaigee,
besed Lhe bevigator in the State of  Wyoming, and its
prawtical operations are heing watehed by the people
thronghout the avid vegion, s il seoms to promise so
mueh to the,  In prepaving this law wdvantage was
taken of the experienes of ather States, wd mueh that
s bt b been ineorpoated frome the Taws of other
Perigating conntries,  Phe law Bouique in this, thag
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the State does not necessarily wait for controversies
and losses to arise, but of its own motion steps in and
ascertains how much water is available for ivrigation;
who are the claimants to this water; and then, knowing:
these fundamental facts, gives the use of the water to
the proper persons, employs its own agents to see that
the distribution is made. In Wyoming, at least, there
will no longer be the ludicrous spectacle of learned
judges solemnly decreeing the right to from two te
ten times the amount of water flowing in the stream,
or, in fact, amounts so great that the channel of the
stream could not possibly carry them, thus leaving the
questions at stake as unsettled as before.”

“From a study of the law it is very apparent that
the State Ingineer and Board of Control hold the most
important offices in that State so faras its agricultural
interests are concerned, and by a wise and skilful
exercise of the funetions intrusted to them, can bring
about great changes for the botter in the development
of the agricultural resources of the State,  "I'he State
Engineer is president of the Board of Control.  Objee-
tions may be made by some that therve is too great a
centralization of power in one man,  But this is ans.
weved by the provision for appeal to the courts by any
party feeling himself aggrieved and by the provision
that when the case is finally decided the eight of tha
Frcvuiling parties relates back to the fiist step taken
1y him to secure his water rights, Thus his pights are
not jeoparvdized by the delays often attendant upon
court proceedings,  The law provides that the priovity
of the elaimant’s vight shall be the basis for the detey-
mination of his right to the use of water., The inw
wlso provides for the adjudication of his claim, which,
when made, eniitles the elaimant (o a certitiente of
approprintion to water, stating the amount of water ho
is entitled Lo, the land it is intended to irvigate and the
number of ils priority.  And now for the first time he
has o deed to the water, which is even more important,
and valuable than the deed to his lnud, from the faet
that his land would be absolutely worthless without
the witter, 1L will thus be seen that, while five vens
ngo Wyoming had practically no water how, it stands Lo-
day pre-eminently at the head of the Hst vespecting ivri-
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gation legislation adopted by the various states and ter-
ritories of the arid region, as applying to the sparsely
settled communities of that region. It has embodied
in its law all that has been found good and efficient in
the operation of the laws of other states and territo-
ries, with the exception of the ‘District Law’ of
which California has the model.” :

CONCLUSION.

In conclusion, I beg to urge the necessity of im-
pressing upon the members of the Legislature the im-
portance of relieving the chaotic condition of affairs by
proper legislation,  The original appropriators of
water in this state are passing away. As their testi-
mony is of the greatest value in obtaining a correct
adjudieation of streams, it should be placed upon re-
cord at the eavliest possible date, "The sooner this is
done, .he better; the longer it is put oft, the more
costly and diffienlt it will be to obtain the information
necessary for equitable adjudieations,  Tf the wator
laws of Utah ave allowed to remain in their present
shape, it is safe to say that many times the amount of
money required to adjudieate eeery water 1ight in the
state will be spent in lew suits during the next twenty.
five years.

The writer is well aware that these matters have
heen vegularly brought to the attention of past Legis-
Intures, and that the members, as regulanly, have failed
Lo see the importance of the ennetment of such Inws as
would do away with the diteulties desevibed, e feels,
however, that it is his duty togive warning of the hepi-
tage of litigation that will surely be hequeathed to the
neXt generation, if the present conditions are allowed
Lo continue indetinitely,
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EXHIBIT “A.”

STATE ENGINEER'S OFIICE,
SALT LAKE CITY, UTAH.

INSTRUCTIONS TO BE OBSERVED IN PREPARING PLANS
or Dans or Dikes,

L4

10 A;l Concerned.:

"The following instructions are issued for the pur-
pose of assisting the people of the State to propevly
comply with the provisions of Seetion 2453, Revised
Statutes of Utah, 1898, which reads:

2453, To examine plans of dams or dikoes,
Powers,  Any person, associnbion or corporation that
shall desire to construet any dam or dike, for the pur-
pose of storing or appropriating or diverting any of
the waters of this state, when the same is to be more
than ten feet in height, exeept as otherwise in this
chapter l))l'ﬂ\'i(k,'(',ﬁhilll submit duplieate plans, dinw-
ings, and specifications of the proposed work to the
State Enginoer, who shall, as spec«‘ily as ponsible, and
within forty-five days, oxamine such plans, drawings
and speeifieations, and if he approves them, he shall
aflix his approval thereto, and return one copy of cach
such plan, deawing, or specifleation, with his approval,
to the party or parcties proposing ta construcet the
works, I the State Engineer disapproves of such
plans, deawings, or speciflentions, he s‘mll raturn the
samie with his written ohjoctions thereto and suggoes-
tions of changes to the party or parties filling the
same: provided, that where said daw or diko is, in the
opinion of sald engineor, not. of suflleient importance
to have the provisions of this seetion apply to suoh
dam or dike, then sald engineer shall hive power upon
writbon application Lo suspend the provisions of this
section to sueh dam or dike.  Io caso of warks of
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great importance, especially, where life or property
would be endangered by the failure of such works,
the State Engineer may require excavations to be
made to determine the character of the foundation
and require a statement of the facts in the case to be
filed in his office before approving such plans, draw-
ings, or specifications; or he may if he deems the
public interest demands, visit the locality of such
proposed worlks before approval of said plans, draw-
ings, or specifications; and no rights of any kind un-
der the laws of this State shall be deemed to be ob-
tained which have not been approved by the State
Engineer. [’07, p, 78.

¢

INSTRUCTIONS:

1. All plans and specifications must be prepaved
by a competent eivil engincor; surveys and maps may
be made by any competent surveyor.

2, Drawings and specifieations in duplieate must
be submitted for approval, one set to be permanently
filed in the office of the State Engineer, and the other,
when approved, to be returned to the party or parties
proposing to construet the works,

3, Map shall show the loention of reservoir,
wasteway and outlet; land that will be flooded when
reservoir is full; area of reservoir in acres, and ex-
trome and average depth of water in feet,

4, Plans shall include both  Jongitudinal and
cross sections of dam, wastosxay and outlet.  They
shall show the materinl of which dum is to he con-
structeds its length on top and length on hottom;
its width on top und bottom, with slopes of both front
and back; its height above water line when reser-
voir is full: the width and inclination of wasteway
und depth below top of dum,

5, Specifications shnll oxplain fully the natwal
conditions pertaining to the diwm and reservoir sites,
and shall state in detail just how the dim is to belwilt,
They shall be of such o chavactorns to enable the work
to b construeted therefrom,

0. AL plaus und maps must. be drawn with India
ink on traeing cloth et to onw of the following stand-
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" ard sizes, viz: 28 inches by 40 inches, or 20 inches by
28 inches. :

7. A plain black border musb be drawn around the
sheet one inch from its edges. Sufficient space must
be left inside of the border for notes of approval.

8. The lettering and figures for titles, notes,
numbers, ete., and all dimensions, must be neatly
printed in some plain style of lettering, such as:

OLD STYLE EXTENDED.
VICTORIA ITALIC.
GOTHIC.

INCLINED GOTHIC,

Caledonian Italic, or Gothic ltalic.

ROBERT C. GEMMELL,
State Kngineer,
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Decembey, 10U



PREFACE.

The work on this pamphlet was commenced by the former State
Engineer, Willard Young, now Col. of the 2d.Reg. of U, S. Vol, Engrs,,
and was completed by the writer, This is more fully explained on
page 28,

In { reparing Tables HI and 1V, the authors were well aware that
they were exceeding the limits of the formula as set by Mr. Francis, that
is, the use of heads from 6 to 24 inches; but it was believed that the
results wouid be sufliciently near the trmth for practical purposes, Water.
masters in Utah are rarely engineers, and it was therefore thought best 1o
prepare Table IV in such a manner that the discharges could be read
without any calculations whatever,  The tables were computed by using
feet and decimals of a foot for the heads, H.  For the benelit of water-
masters, who as a rule have no means of measuring the head in decimals
of a foot, the heads are also given in inehes and fractions of an inch, The
mmphlet was prepared primarily for the use of watermasters, but it is
Imped that the tables may be of use to enginevrs also,

Rosert C. GuMMELL,
State Engineer,

Salt Lake City, December, 1898,
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STATE ENGINEER'S OFFICE,
Salt Lake City, Utah, December, 1398.

To all Walermasters in the State of Ulah:

The following Special Instructions as to Measurements of Water, so as
to secure a Just Distribution of the same, are published in compliance with
the provisions of Section 2457, Revised Statutes of Utah, 1898, which
reads:

“ The State Engineer shall, free of charge, give any information de-
sired by any person as to the proper method:of measuring water or of con-
structing an apparatus for such measurement, upon proper application being
made; and shall give special instructions to all watermasters as to measure-
ments of water, so as to secure a just distribution of the same.”

The Legislature has here directed the State Engineer to perform an
official duty, the purpose being to secure a just distribution of the waters of
the State amongst the various corporations, companies and individuals en-
titled thereto. It is confidently believed that a careful observance, on your

art, of the following instructions will, as nearly as possible under the ex- '
isting conditions, accomplish the purpose sought, and will prevent much ill
feeling and costly litigation. If, however, you do not. lend your earnest and
hearty support in carrying out the instructions, but try to evade doing what
is asked, the desired results cannot be obtained.
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SPECIAL INSTRUCTIONS TO WATERMASTERS

AS TO

MEASUREMENTS OF WATER.

1. Hereafter every corporation, company or individual who diverts or
takes out the whole or any part of the waters of any public stream for any
useful or beneficial purpose shall cause the same to be properly measured
at least once a week, during the time the water is being diverted, and shall
cause a careful and accurate record of each such measurement to be made
and preserved. Copies of the records of all such measurements shall be
furnished annually, and not later than December 1st, to the State Engineer
for file in his office. : '

2. In all cases, where practicable, such médasurements of flow must be
made by means of sharp-crested rectangular weirs, with free fall, and with
full contraction, or with no contraction, and with the velocity of approach
less than six inches per second. Where this method is not practicable,
special instructions will be given by the State Engineer as to the best avail-
able method for making the required measurements in each particular case,*

3. .For the sake of unilormity, all computations of discharge over rec-
tangular weirs shall be made by the formula:

number of end
contractions

Discharge=3.33(length— X‘“E“I-—%—E)xH%, in which the dis-

charge will be given in cubic feet per second. Thelength and head are both
in feet and decimals of a foot, If the velocity of approach cannot be kept
below six inches per second, a correction must be made therefor.f

4. Wherever the water flowing in any canal or ditch is to be divided
in varying proportions by mecans of lateral ditches taken out at different
points, the division shall be made by measuring the flow in cubic feet per
second, by means of rectangular weirs in each lateral, and taking the total
of these measurements as the total available flow in the main canal or ditch,
and then apportioning the water amongst the several laterals accordingly. |

*The adopting of an uniform method of measurement, suchias here recommended, for use
throughout the State will have this advantage:- that any small errors incident to the method will be
of minor importance, inasmuch as all errors will be distnbuted proportionately, or very nearly so,
amongst the various ditches where the water is measured.

{See “Velocity of Approach,” pape No, 18,

$There is always some loss by secpage and evaporation between the head of a canal and the
points where the lateral ditches are taken out. Such loss will be borne proportionately by adopting
the method here recommended, and the question of loss by seepage and evdporation, so far asa
fair division amongst the lateral ditches is concerned, will be entirely eliminated,
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5. Where, as in the case of small ditches or laterals owned or used in
common, it is desired to give to the several parties interested some definite
proportion of the water flowing in the ditch without measuring the flow in
cubic feet per second, the division shall be made in the following manner:
The water in the ditch shall be brought to a complete state of rest, or very
nearly so, and then be allowed to flow, with free fall. over a rectangtlar
weir without lateral contraction, or over a Cippoletti trapezoidal weir, the
crest of the weir in either case to be truly horizontal. One or more parti-
tion boards, with thin edges, will be placed at right angles to the weir and
directly below it, to divide the falling waters. The division thus made will
be taken to be in direct proportion to the distances intercepted on the crest
of the weir. If the ditch or stream is of considerable size, so that the pro-
per pronortion between depth and length can be maintained, the depth being
at least four inches, the division may be made by separate weirs whose
lengths are in direct proportion to the division to be made. Rectangular
weirs without end contractions or the Cippoletti trapezoidal weir must be
used, and great care must be exercised to see that the crests are truly hori-
zontal and at exactly the same level, one with the other.

6. In cases where several parties are interested in a small ditch or

lateral, in which the amount of water is only sufficient for one user at a time,
the division shal! be made by the time method.*

WILLARD YOUNG,
STATE ENGINEER.

*See “Division of Time Method,” page No. 7.
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MEASUREMENT ano DIVISION OF WATER.

WHAT IS SAID REGARDING THE WEIR METHOD OF MEASUREMENT.

“ The most accurate mode of measuring the flow through small open
channels is by means of weirs.”’ Page 332, Theory and Practice of Sur-
veying.— Jfoknson.

““The method of measuring discharge which 1s most popular among
irrigators of the West because of its simplicity is by means of weirs. This
method is best suited to streams and canals of moderate size, while the re-
sults are quite accurate, It is exclusively used in Australia, and extensively
employed in Colorado and other portions of the West, Among the advan-
tages ot the weir as a measuring device are its simple construction, accuracy,
cheapness and ease of operation. Its results are easily interpreted by use
of tables; it gives quantities of flow in second-feet feet directly; it is not
necessary to maintain a constant head above it; and it causes a trifling loss
of head.

Where the contraction is complete its coefficient remains constant, and
the Francis formula gives the discharge with errors not exceeding one half
of one per cent for depths of water varying between 3 and 24 inches, pro-
viding the length of the weir is not less than three or four times the depth
of the water flowing over it, T * The measuring weir is
in all probability the most satisfactory method of obtaining an accurate
measure of the volume ot water passing through a canal.”’  Pages 74, 75
and 84, Manual of Irrigation Engineering.— Wiison.

‘“There are four methods of gauging the flow of a stream: (a) by
weirs; (b) by floats; (c) by formula; (d) by meters. Weirs are practi-
cable and economical only in case of small streams at low water, and in such
cases the system is preferable to all others.” Page 8o, Irrigation Survey,
First Annual Report— Dutton.

“In studying the duty of water it 'is necessary that the measurements
of small quantities be made with a greater degree of exactness than is pos-
sible with a current meter. A small weir can usually be placed in an irriga-
ting ditch, at slight expense, providing there is sufficient fall, and if correctly
proportioned and the well known Francis formula be used, will give the flow
with great precision. The use of the knife-edged weir is rapidly extending
in the West, the accuracy of the measurements offsetting the inconvenience
or care required.”’  Page s, Irrigation Survey, Second Annual Report.
—-Powell, ' o

“The weir affords a very convenient means for gauging the flow of
small streams.”’—Page 265 Trautwine’s Engineer's Pocket-Book.

&
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‘““No device for measuring flowing water has been more thoroughly
tested and experimented with than the weir, with the result that notwith-
standing the simplicity of its construction, we may, by taking proper pre-
cautions, determine the amount of water flowing over it within one per cent.”’
Page 156 Bulletin No. 6, Montana Agricultural Experiment Station.— Ryazn.

*“ It is indisputably demonstrated that in weirs with complete conirac-
tion, constructed and observed with the necessary accuracy, the coefficient
of contraction remains constant, and Francis’ formula guarantees the exact-
ness of discharge with an error nof greater than one half of one per cent,
for depths of water from 3 to 24 inches; providing the length of the weir is
not less than three—or better yet, four—times the depth of water flowing
over it.”’ Page 135 Canale Villoresi.— Cippoletti. :

““ But of all forms of modules, or that which best satisfies the first con-
dition of accuracy, is the form of opening known as the weir, or overfall.
It is not intrinsically more accurate than many other forms of opening, but
as it is so simple that the conditions for accuracy may be readily met, and
because there is a vast fund of experimental knowledge regarding its be-
havior under different conditions, no other form of opening can compare
with it in accuracy.

‘““‘Because of these facts and the growing importance of accuracy, the
coming modulr will be based upon the weir, It is graduslly displacing
other types.  Australia is using it exclusively, we think; India, to a large
extent, and in Italy, the originator of most of our measures, the newer can-
als are using it to the exclusion of the Milanese module. * * *
A large portion of the newer canals in Colorado provide that measurement
shall be made over a weir. So far as learned, no canal has abandoned its
use.”’  Page 23, Bulletin No. 27 of the Colorado State Agricultural Col-
lege.— Carpenter.

** The theory ot flow over rectangular weirs with horizontal crests and
vertical ends is more accurately established by numerous experimental and
positive measurements, than for any other form of notch.”’ Page 278,
Treatise on Hydraulics and Water Supply Engineering.— Fanning.

EXTRACTS FROM BULLETIN NO, 27, STATE AGRICULTURAL COLLEGE, FORT
COLLINS, COLO., ON THE MEASUREMENT AND DIVISION OF WATER,
BY PERMISSION OF ITS AUTHOR, PROF. L. G. CARPENTER.,

Questions - concerning the measurement and distribution of water
probably give rise to more trouble than all others combined in an irrigated
country, While frequently the matter in dispute is of small consequence,
it is a source of irritation that rauses constant annoyance both between
canals and consumers, and between neighbors. The problem of a just dis-
tribution of water is one of .the most important as well as one the most diffi-
cult problems of irrigation. * * * ' : g

In general it may be said that the prevailing methods are exceedingly
unreliable.  In some canals, even the large ones, there is little attempt
save by the eye or the judgment of the ditch'rider; in others there are
nominal measures which frequently are worse than none at all, because
while giving no approach to a proper measurement, they give among the
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consumers and canal officers a false sense ol accuracy and stand in the way
of a better system. In others the systems are as good as the present con-
ditions will permit. When water has been plentiful in the streams, there
has been no necessity for close division or measurement, for there has been
water enough to supply the demands ofall. But with the greater demand
for water and the need by each farmer ofevery drop obtainable, there is
greater necessity for closer measurement, and many canal organizations are
being led to consider more efficient means of measurement and distribution.

The prevention of waste is a matter of public importance. With more
land than water, the agricultural future depends on the use of the existing
water supply to its fullest capacity. The buiiding of storage reservoirs, the
stopping of waste, improved methods in irrigation, together with the

changes consequent on irrigation, which make less water necessary, will’

increase our water supply in effect, if not in amount.

It is safe to say that a good system of measurement will save a large
amount of water, Every one knows that in financial affairs a close account
is the basis of sound economy. It is also true in water matters. The mere
fact of measurement makes users more careful about waste, and in the ag-
gregate the saving is considerable, as some cities which measure water to
consumers have found. With water plenty. the system, or lack. of system,
works without friction.  The practice is to give enough to stop complaint,
if there is water enough. But as water becomes scarcer and the demand
greater, then the system works gross injustice. "If some one gets more than
his share, it means that some one else gets less, And this may mean ruin
to his crops. In many parts of the State the pressure for water is already
being felt. Icis only a question of time when the other localities will feel
the same pressure, and with time all will feel the demand more. Hence it
is that there will never be an easier time for arranging satisfactory measure-
ment than now; for the demand will not be less, and with time and the in-
crease in value of water then there will be many who will feel that they have
rights vested in certain methods of measurement which may be intrinsically
unjust, * ¥ X '

In the measurement of water there are two distinct classes of measure-
ment boxes, different in their object.  One is the dividing box, whose ob-
ject is to give to each consumer some definite portion of the water flowing
in the ditch, This box is found especially in the laterals owned in com-
mon by two or three neighbors, or in the smaller canals owned and oper-
ated by the stockhoiders. The other class’is the measuring box which has
in general for an object to give the consumer a certain definite quantity of
water, as one cubic foot per second, These need to be adjustable, so that
in times of scarcity the amount may be reduced proportionately as the
quantity in the canal decreases. To this last class the Italians pive the
name ol modwlo. The French writers on irrigation, and to a limited ex-
tent the English, have adopted the word in the form of module, and as such
a word is needed in our irrigation vocabulary, the term is here used, Module
will therefore be used to designate those boxes or devices, whatever their
form, whose object it is to measure the quantity of water delivered, or to
give a constant flow. The word dfvisor will be restricted to the first class,
whose only object is to divide the water. A module may evidently serve
as a divisor, for if the amount to be divided is known it is a simple “matter
to determine the quantity to which each is entitled and to regulate the
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module accordingly. There will always be cases where divisors will be by
all means the most convenient, but these cases will be mostly in the small
ditches from which few take water. In all other cases modules of one kind
or another will be found the better.

In the case of divisors it is evident that there is no unit of measure, and
that none is needed, as the object is to give the consumer some definite
portion of the water flowing in the ditch whether there be much or little.

In the module, on the contrary, some unit is needed.

It is unfortunate thata system has grown up in which the professed
unit is the *‘inch.”’  The word is used in such a multitude of meanings
that it is an almost hopeless task to convey an exact idea of quantity by the
word. It in effect takes into account only the cross-section of thc channel
or opening, without regard to the velocity of the water. In the same ditch
it is attempted to have the velocity the same or nearly the same - through
the different openings, by keeping the head the same, but in different ditches
the heads vary according to convenience or the notions of the original
users. In some ditches the head is four inches, in others six, in some
eight, and there are others which allow the opening to extend to the surface
of the water and no pressure is used. The whole area ot the opening in
square inches is then counted as inches of water. Also, in common use, a
practice has grown up to call the cross-section of the stream in square
inches, without regard to the velocity of ‘the water, as so many “‘inches.”’
Manifestly there is nothing in common in these different inches, so that the
term has no definite meaning, ¥ ¥ ¥

The cubic foot per second is an absolute unit whose quantily cannot be
subject to dispute, though the accuracy of measure may be. The State
laws provide that in appropriating water to ditches the quantity shall be es-
timated in cubic feet per second, or as frequently shorter expressed, as sec-
ond feet. . '

DIVISORS.

As ordinarily constructed the division can rarely be exact, but, fre-
quently, the convenience of anapproximate division more than counter bal
ances any inaccuracies there may be. - The larger ditches rarely have occasion
to use divisors; for, even if the ditch has to pro rate the water, a better dis-
tribution can be effected by means of modules. 1f the water is to be di-
vided into two equal portions, by placing the two lateral ditches in identical
relations to the main ditch, in a straight and uniform channel, the division is
exact. Ewmphasis should be laid on the identical relation, for many divisions
are seen where the conditions are not the same, as, ¢. g., one branch con-
tinues straight, the other may make an abrupt turn, one may pass through
a covered box, ete. In these cases some advantage is given to the ditch
having the freer discharge,  The effect of these differences is greater than
is generally supposed. It is, however, generally easy to meet these condi-
tions if the parties desire. In the same way the water may be subdivided
into four, eight or sixteen equal parts. But where it is required to divide
the water into two unequal, or into three or more portions, equal or not,
the division becomes one of approximation only.  The difficulty arises from
the fact that the water has not uniform velocity across the. whole chanuel,
the center has greater velocity than that nearer the banks, If therefore,
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equal openings be made across the channel, those near the center have the
greater discharge. Making the central openings smaller, only partially
evades the difficulty; for as the relative velocities of the center and sides dif-
fer with different depths, this arrangement would still be inexact for any one
depth except that for which the opening is made.

In its most common form the divisor consists of a partition dividing the
channel ianto two portions in proportion to the respective claims. This. in
effect, assumes that the velocity is uniform across the whole cross-section,
which is not the case, even in a uniform channel, and much less so in one
irregular or in poor repair. Such a division is to the 'disadvantage of the
smaller consumer.

The nearer the velocity 1s uniform across the whole channel, the better
this method of division, evidently. Accordingly means are frequently
taken, by weir boards or otherwise, with this object in view, but generally
with indifferent success. * % *

If water is brought to a complete state of rest, or very -nearly so, and

flows over the weir without lateral contraction, this method will give as
satistactory results as any divisor with which I am acquainted. An increase
in the size of the ditch just at the division box will aid in bringing the water
to rest: k¥ X *

DISTRIBUTION BY TIME,

On small ditches or laterals where the amount of water is not too
great for one user to manage, the time method of division may be used and
gives a mre equitable division than the boxes of the types described, and
besides it accomplishes what is necessary in order to use water economic-
ally, it allows of the use of water in large enough quantities during irriga-
tion to make the use much more economical than where used in minute
quantities. If water is divided according to the various interests involved,
so that each would receive constantly the amount to which he is entitled,
and no more, it would often happen that the division would be into such
small parts that little good would be done by the small stream of water thus
furnished. - It thus becomes necessary in almost all localities to exchange
water between neighboring users, so that one will use the privileges of sev-
eral for the time during which he is irrigating, and then the others in like
manner will use the water of their neighbor whom they have already ac-
commodated. The time method of division carries this exchange of water
to a greater extent and is especially applicable to the small ditches where
the amount of water is small. In such case the exchange is systematized,
and cach one takes the whole stream of water for a time proportionate to
his interests in the ditch, and the period is so arranged that the rotation
will be complete in some definite time, as a week, or two wecks, or such
other time as the experience of the locality has shown to be desirable for an
irrigation to be repeated, The water will then be given out at night or day
according to schedule, and in order that the inconvenicnces may be fairly
distributed, the period of rotation may be made with a Iractional day, so
that those who came in the night during the first rotation will come in the
day during the second, and vice versa. Thus, suppose the period of rota.
tion be taken as one week, or for reasons above given, 74 days, and the
number of shares be fitteen, of which some own one, others two, and some
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three shares. In this case each share would give its owner the right to use
the water for oneé half day, or twelve hours; the owner of two shares would
be entitled to its use for twenty-four hours, and the owner of three shares
to thirty-six hours. Where there are a large number of rights or users the
same method would be carried out but to a greater extent. As carried out
in the countries where it is applied, the division may be carried out until the
exact number of minutes to which each is entitled to the water is deter-
mined. In such case a small table needs to be prepared in advance, usually
at the beginning of the season. Each one is furnished with a copy of it, as
well as the ditch superintendent and employees, and the water is shut oft or
turned on the different gates according to schedule. The user must be
ready to take it at the proper time or lose the water until his turn at the
next rotation.

This method is best applicable evidently in the cases where the amount
of water flowing into the lateral is constant. This, under the present con-
ditions of American practice, is rarely the case. The water in the main
ditch and consequently in the smaller latérals, is subject to the fluctuations
of the main stream. Where water is distributed from reservoirs, then the
flow may be maintained uniform. The necessity for restriction in the use
of water to certain assigned times is also distasteful to many. But by’ com-
mon consent methods are used which are leading to the same system, and

. with the gradual increasing pressure for the greatest benefit from the amount

of water available, there is little doubt that this method will gradually ex-
tend in use under the conditions where it is best adapted. With the vary-
ing streams and varying flow, with the previously prepared time table, the
method is not so equitable as the division of water as it comes. But with
the advance of canal administration and with increase in knowledge of the
flow of water, it will be possible to adopta modified time-system of distri-
bution which will be adapted to the varying streams. It is already in
ditch administration in Colorado becoming customary to keep records of
the amount af water which is taken into the canals. It will become in-
creasingly desirable, and even necessary. For the large ditches taking
water from the streams, the amount of water which'is ‘taken into the ditch
for different depths of water in the ditch is officially determined by the
State Engincer or his deputies, A similar rating of the lateral ditches may
be made or weirs may be used with greater accuracy. As it becomes pos-
sible to find men who can usé the various methods of measurement to de-
termine the amount of water flowing, it will be possible to use a modified
time distribution, so that each will be given the water long enough to give
each the same quantity, This would give a short time for the periods
when the water is plentitul, and longer times when low. The unit could
be varied, so as to bring the irrigations a convenient time apart. The suc-
cessful operation of such a system would require an intelligent superintend-
ent, and one who had the confidence of the users of the water, or a wide-
spread knowledge among the users. :

In the distribution of water from small reservoirs, where there are but
few interested, and where the different owners do not care to use the water
at the same time, some such arrangement. is,necessary. With the weir
measurement it is possible to keep account of the amount used by each
perﬁon. so that the water may be divided in proportion to the rights of
each,
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MODULES.

It is not possible to secure a module satisfactory in every respect or to
meet all conditions. Where there is fall to sparein the ditch some forms
are available which would be excluded if there were no fall to spare.

The features desired in a module may vary under different conditions,
so that there are some forms which give excellent satisfaction in some cir-
cumstances, which do not in other cases where the conditions emphasize the
desirability of some other feature. In the early stage of water measure-
ment, when water is abundant, accuracy is a minor consideration; while
with increased demand for water, it is one of the first, if not the first con-
sideration. A second desirable feature, which has been the object toward
which many have worked, is a module which is self-regulating” and pre-
serves the same discharge of water even with fluctuating depths of water in
the canal.

The following may be considered desirable conditions 1 a module.
Most of these conditions were recognized several centuries ago by the
magistrates of Milan:

#1, Its discharge should be capable of being converted into absolute
measure—as into cubic feet per second.

%2, The ratio indicated by the module between the discharges from
two outlets should be the same as the actual ratio.

*3,  The same module or box should give the same amount of water
wherever placed.

4. It should be capable of being used with large or small canals.

*g, It should be capable of being set to discharge any fraction of its
- capacity, so as to be capable of distributing water pro rata.

6. Surreptitious attempts to alter its discharge should leave traces
easy to recognize.

7. It should be simple enough to be operated by ordinarily intelligent
mei.

8. Calculation ought not to be required in order to regulate the dis-
charge of different modules, or to determine how much they are discharg-
ing.

9. It should occupy but small space.

_10. The discharge should not be affected by variations in the level of
water in the supplying canal, or, in other words. it should be seli-regulating.

%11, Its cost should be small, and it ought not to require much tall,

These conditions are evidently not of equal importance. The most of
the conditions have been recognized for several centuries. - Those unmarked
are essentially the same as those given some centuries ago.

Condition 1, on which depends the accuracy of the measure, becomes
day by day increasingly important, and is the onc which with the passage of
time may be considered the most important. If the first condition is met,
Nos. 2, 3, and 4 which are practically included in it, are also met.

The cuestion of expense, mentioned in No. 11, is a relative one, and
may or may not be of importance. It becomes of less importance as the
development of the irrigated section becomes greater and the needs for ac-
curacy become more generally felt,  But the requirement that the fall re-
quired shall be small, is a physical condition which it is often absolutely
necessary that modules for special locations must meet.
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Condition 8 becomes of less importance, with the increase in intelli-
gence of those whose duty it is to distribute water, and is not objectionable
against such modules as the weir, where tables of discharge may be pre-
pared which enables the discharge to be determined without computation by
the user.

No. 10 is the condition which to the early users is almost always the
most important. The reason has been partly one of the stage of hydraulic
science, in which it has not been known how to measure the quantity of
water passing except by passing the water through orifices. In order to
make the velocities through these orifices the same, it has been necessary
to make the head of the water equal in these different places, and conse-
quently to secure a measure it has been desirable to keep the heads over
the openings constant. The condition is less important with us, both be-
cause with the growth of hydraulic science the amount of water may be
measured with more accuracy than the early users knew how, and because
our conditions are different. ~ In our practice it is rarely attempted to make
the discharges constant. Instead as the canals usually have largely differ-
ent quantities of water during the season, it is far more important that the
water shall be cut down in each smaller ditch in the same ratio. * * *
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SPILL-BOX.

" Andther means of preserving a constant Head is due to A. D. Foote,
of Idaho, Past President of the American Society of lrrigating En.
gineers,
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A cut of this was given in the Engincering News, of November, 1886,
and it has been more fully described in the transactions of the Am. Society
of Civil Engineers, Vol. XVI. .

In Fig. 1, A is the main ditch, with a gate forcing a portion of the
water through box B. This has a board on the side towards the main
ditch, with its upper edge at such a heighth as to give the required pressure
at the orifice. Then if the water be forced through B, the amount in ex-
cess of this pressure will spill back into the ditch. If the box B is made
long enough, and the spill-board be sharp edged, nearly all the excess will
spill back into the ditch, thus leaving a constant head at the orifice. Mr.
Foote calls this the excess weir. He constructed one for trial purpose. To
Mr. W. H. Graves, of Monte Vista, is due the credit of its introduction in-
to use on large canals, with the necessary modifications. He terms it the
spill-box, a more suggestive name than that proposed by Mr. Foote. In

4
- -C - - - [ B _—!E_ r.— 18}
4 TEETN Sy N 3
L
l?i
Stction Whrougn €D ) Stelion
= il i a7
[ >
i
24 o | v 1]

through A1

FIQURE 2-—-PLANS OF THR SPILL-BOX,

C is the entrance of water fromn the ditch; G a gate which serves to admit as much water as i$
desired B the outlet furnishing water to the user, The small arrows show where the water spills

back into the main ditch,

use, Mr. Graves constructs a weir in the canal, and places the box at one
side, always using two, if possible, one at each side, to save fall and ex-
pense. The spill-box is about 16 feet long, 14 inches wide, set perfectly
level. The crest next the canal is brought to a sharp edge, and so are the
2x4 piec:s on that side of the box. The gate for opening the orifice is of
galvanized iron, worked by a rod and wing nut from the end of the box,
so that it may be adjusted to any desired size of opening, and locked. The
side of the opening is protected by strips of galvanized iron, with the
double purpose of protecting the orifice from surreptitious enlargement and
furnishing a groove for the gate to slide in. Mr. Foote thinks that the main
ditch nced not lose more than a few inches fall--enough to have the excess
spill back. Mr. Graves prefers at least a foot, » _

‘The success of the device for maintaining the head constant is very
good though it cannot be said to be perfect. It may be made much more
sensitive, Under normal conditions the variations in head will be confined
4 within small limits.  As the spill-box is especially a device for keeping the
: head constant it may be used either with the weir or with the inch system,
or with any form of opening.




FIGURE 8. —THE SPILL-BOX,
(As usually placed in pairs.)

"The weir is placed across the ditch, making the ditch lower below than above, giving oppor-
tunity for the water to spill back iuto the ditch, G is a movable gate to regulate the amount of
water admitted at different stages of water in the canal,

By making the box longer, so as to increase the length of the edge
over which the water spills the device may be made more sensitive, * * *
In some places is adopted a form where the box is placed so that it spills on
both sides, and the sharp edge is made on both sides of the box.

THE WEIR MODULES,

A measuring weir is always arranged with its back or up-stream side, A B Fig. 4, vertical,
and as nearly as may be at right angles to the direction of flow of the stream. The ends A H, AH
Fig. 5, 6, are vertical, and the crest A A is horizontal. When the weir A A extends enlirely across
the channel of approach, as in Fig, §, so that the ends A H, A H, coincide with, or form portions of,
the sides S S of the channel, contraction takes place only at the #0p and dottom of the sheet of
water passing over the weir, as at M C and at A, Fig. 4, and is entirely suppressed at the exds, so
that the water flows out as shown in Fig. 7. Such a welr is called a weir without end contractions,
But when, as in Fig. 6and 8, the ends A H, A H, are at a distance frem the sides S S of the
channel or reservoir, contraction takes place at the exds of the weir, as shown at A and A, Fig, 8,
as well as over the crest, * Such contraction diminishes the discharge. A weir of this kind is
called a weir with end contractions. Other things being equal, the extent of the contraction,
and its effect ugon the discharge, increases with the head H.. When the length A A or L of the
welr exceeds about ten times the head H, the effect of the end contraction upon the discharge is
nearly imperceptible, but as the length diminishes in proportion to the head, the effect of the
contraction increases rapidly, If end contraction is permitied at all, it must be made complete,
for the coefficients given in the formulas for discharge do not apply to cases of incomplete contrac-
tion, 1.e, with contracion only partly suppressed,

‘The contraction is said to be Ycomplete” when it is practically as gréat as it could be made
by any further increase of the distance A'S Fig 6 and 8, and this is believed to be attained when
A S is made equal to twice the head H.—Page 265 Trautwine's Engineer's Pocket Book.

Two forms of weir modules will be - considered, the rectangular weir,
whose sides are vertical, which is the one ordinarily meant when weir is
spoken of, and the one which has been_ the subject of experiment; and the
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trapezoidal weir proposed by Cippoletti, after a thorough investigation,
Its sides are inclined_at a slope of one-fourth horizontal to one vertical.

The most complete experimental investigation' of the flow of water
over weirs has been made by Americans, and the adopted formula is
due to one of them. To the careful experiments of the late Jas. B. Francis,
Past President American Society Civil Engineers, Honorary member
American Society Irrigation Engineers, of Lowell, Mass., is due the ordi-
nary form of the equation of the weir, and to his caretul work hydraulic
science owes much, * ¥ % :

FIGURE 6, ’ FIGURE 8

If one observes the flow of water through an orifice, he will notice that
the stream becomes narrower at the opening or is subject to lateral contrac-
tion. If over a weir, the sheet of water becomes thinner immediately be-
low the crest (as in TFig. 4), or is subject to a vertical contraction, By
taking separate account of these two contractions, Francis succeeded better
than previous experimenters in producing a formula which represented the
discharge. The form of the equation indicated by theory and agreeing
closely with Francis’ experiments, is of the form.

Q=qLLH"

Where Q=the quantity of water flowing in cubic feet per second, I.=
the effective length of the weir ir feet. * This is not necessarily the same as
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the actual length of the weir. It is mentioned more fully on the next
age. .
P H=the depth o1 water flowing over the weir, in teet. Because of the
verticai contraction, this must be measured far enough from the weir to be
free from its influence. If the water approaches with a current, this depth
needs to be increased by a correction indicated by theory. This correction
is troublesome to make. In practice it is better to so reduce the velocity
of the current that the correction will be so small that it may be neglected.

@ is a numerical coefficient which is needed to multiply the result ob.-
tained by the indicated operations in the measured quantities, in order to
give Q the discharge. :

From his experiments, an abstract of which cannot convey an idea of
the care and skill used in the experimentation, Francis adopted the value of
3.33 for a.

The formula of Francis then becomes

Q=3.33 LI %

where the letters mean the same as above and with the same restrictions.

Q represents the discharge in cubic feet per second.

L and H are both measured in feet and decimals.

An additional word needs to be said regarding L.,

L is the effective length of the weir, which in case of the rectangular
weirs, is not netessarily the same as the actual length,

Attention has already been called to the contraction of a stream as it
passes through the weir or other opening. This will be especially noticed
in cases where the opening is smaller than the channel leading to it, The
formula giving the discharge really consists of sevéral factors, one of which
is the velocity of the water passing the weir, and another the sectional area
of the stream where it has this velocity. Now the effect of ! the contraction
is to lessen the area, not of the weir, "but of the stream passing through it
in which the water has the velocity given by the other factor. In conse-
quence, the effective length of the weir is shortened. Hence in this form-
ula, for L is used, not the actual length of the sill, but the effective
length, which is found by applying a correction for the countraction to the
measured length, -

The amount of this contraction depends upon the distance that the
sides are from the parallel sides of the weir. When close, the contraction is
small, but when the distance is two o three times the depth on the weir,
there seems to be no further change in the contraction with the increased
distance.  In such case the contraction is said to be complete. From the
case of complete contraction there may be all degrees of contraction down
.to no contraction. ) ‘

The amount of this contraction, when complete, increases with the
depth of water flowing over the weir. It is difficult and unreliable to
measure the amount directly., But we again have recourse to the experi-
ments of Francis, from which it is determined that with complete contrac-
tion, and the same formula, that if an allowance be made, equivalent to
a shortening of the weir equal to one-tenth of the depth of the water
flowing over it; for each complete contraction, the discharge will be given,
other conditions being correct, within 1 per cent,
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Thus, we may take an example.

In a case where the depth is 1.56 feet, and there are two contractions,
the eflective length of the weir, or the length to be taken in the calculation
of the discharge, is not ten feet, but ten feet shortened by two (the number
of contractions) times one-tenth of 1.56 feet; or .31 feet less than 10 feet.
The effective length is accordingly 9.69 feet. With the same weir, but &
depth of .08 feet, the effective length. or the value of L to be used in the
computation, is .16 less than 10 feet, or 9.84 feet.

It is seen that the effective length varies with different depths with the
same weir. It is because of this, that of two weirs, one twice as long as the
other, of the rectangular pattern, the one will not give exactly twice as
much as the other, even for the same depths. But if the two have their
effective lengths, so that one is twice the other, then the discharge ot one
will be twice that of the other,

The Cippoletti weir is a form adopted in order that the eflective lengths
are constantly the same as the measured length of the weir.

The weir here called the Cippoletti weir because of its originator, is one
proposed by Cippoletti to meet the conditions which the Italian government
laid upon the company which was given a concession of water for the Canale
Villoresi, the last of the great Italian canals. * * * In the act of concession

_ to this.canal, the government required the company to propose a module
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PIGURE 0, —OIPPOLETTI TRAPKZOIDAL WEIKR,

for the measurement and sale of water which should be based upon the
theory of the weir with free fall, and that the module should be accurate,
The problem was put in the able hands of Cesare Cippoletti, the engineer in
charge of construction. The problem Cippoletti proposed to himself, was,
while preserving the simple and convenient form of the Francis formula, to

-~
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determine the form and condition of the weir so that the discharge should
be proportional to the length of the weir, and so that no single cause should
produce an error of more than one half of one per cent,

Taking the experiments made by Francis as a basis, he attempted first
to determine a form of the weir in which the contractions at the sides shouid
be automatically overcome,

In the rectangular weir, as already mentioned, the effect of the con-
traction increases in proportion to the depth. The idea suggested
itself to him, that by making the form of the weir so that the area
increases by an amount in proportion to the depth on the weir, then if the
increase in area can be made so as to exactly balance the loss due to the
contraction, the flow through the weir would remain the same as though the
weir were rectangular, of the same length of sill, but without contraction.
In other words, the effective length would remain the same for all depths,
Manifestly, a weir of a trapezoidal shape, like that in Figure 9 presents the
condition wherein the increase in area is in proportion to the depth on the
weir.  This is the fundamental idea in the Cippoletti weir,

This form is equivalent to the rectangular weir, with a triangle added at
each end. In order that the flow through the added triangles shall be
equal to the amount lost by the contraction, recourse is had to experiments
and from calculation, the inclination of the sides is found to be such that a
slope of one horizontal to four vertical would be sufficient, provided the co-
efficient of contraction remains constant.  This is not quite an exact sup-
position, but the difference is insensible,  * * *

. The weir measurement is accurate, provided the proper conditions are
observed, but the conditions for the construction of weirs are riot generally
known, and less generally observed. It should also be understood that it
is safe to apply the formula only within the limits of the experiments on
which it is based, The results either by the weir or other orifices, are
exact only so far as our experimental knowledge goes. The theory of the
flow of water under even the simplest conditions is still too incomplete, and
the laws too imperfectly understood to allow of passing much beyond the
data with which we are possessed. In order that a wejr formula should
apply beyond these limits the value of the coefficient @, in the formula
would be a varying one, In the Francis formula the coefficient is given a
constant value, the disturbing effect of the side contraction being taken
into account by varying the value of L. But if the weir be placed
$0 s to meet the following conditions, the formula above given, and the
tables attached to this bulletin, may be used with confidence that the result
is correct within 1 per cent.

CONDITIONS FOR THE WEIR, EITHER RECTANGULAR OR TRAPEZOIDAL ,

In nearly all cases, the weirs placed for measurement, are not placed
with sufficient care to make the measurement one of great accuracy., The
present demand for water, which is to increase, will gradually require more
care in every detail.  The weirs commonly used are of timber with board
sills and  sides, not usually made in a” wide enough or deep enough
channel. , \

With the more pressing demand for exact measurement companies
will soon be justiﬁc(l in constructing permanent weirs, with much care.
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Under the Canale Villoresi where the Cippoletti weir was first uzed, all the
weirs examined by the writer were constructed of cut stone, and the crests
and sides were made of iron plates, the whole made with care so as to re-
main useful for generations to come.

If the following conditions are followed in constructing a weir, whether
it be rectangular or trapezoidal, the weir formula may be used with confi-
dence that no single cause will produce an error greater than one half of
1 per cent. The conditions are essentially the same as those either of Francis
or of Cippoletti. .

1. That the channel leading to the weir be of constant cross-section,
its axis passing through the middle of the weir and perpendicular to it; this
straight reach to be of such length that the water flows with uniform
velocity, without internal agitation or eddies. This should be not less than
fifty or sixty feet, more if possible.

2. Only by making the contraction complete on both sides and bot-
tom can the coefficient @ in the formula have a value free from uncertainty,
and to secure complete contraction, it is necessary:

(a) that the opening of the weir be made in a plane surface, perpen-

dicular to the course of the water;

(&) that the opening itself have a sharp edge on the up-stream face,

and its walls cut away so that their thickness at the point of dis-
charge shall not be above 1-10 the depth for depths below s
inches, nor above } the depth for depths from 5 to 24 inches;

(¢) that the distance of the sill of the weir from the bottom of the

canal be at least three times the depth on the weir;

() that the distance of the sill of the weir from the sides of the chan-

nel, be at least twice the depth of the water flowing over the weir;

(e) that the lateral contraction remaining undisturbed, the length of

the weir should be three, or better four, times the “depth of the
water flowing over;

(/) that the depth of water flowing over the weir shall not be less than

three inches, ’

_ 3. The velocity of approach must be very small; for weirs three feet
long and depth of 12 inches, it ought not to be greater than 6 inches per
second; for weirs of six feet long and depth of 24 inches it ought not to be
above 8 inches per second. In all these cases the cross-section of the
canal ofapproach ought to be at least seven times that of the weir.  Other
conditions affecting the velocity of approach are included in ¢, & and ¢,
respecting complete contraction.

4. The layer of falling water should be perfectly free from the walls
below the weir, in order that air may freely circulate underneath. For
short weirs it is sufficient that - the lateral walls of the lower canal be free
from the sides of the weir, In such case, when air freely passes underneath,
the level of the water in the lower canal has no influence on the discharge
of the weir, unless it reaches or exceeds the level of the crest,

5. The depth of the water should be measured with accuracy where the
suction of the flow does not affect the height and where it is free from in-
fluences such as the wind, or the movement of the water, which can affect
the true level.  The height should be read to within 1-300 of the depth in
order that the error may be within one-hall of 1 per cent,
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6. The weir ought to be constructed with care and carefully located.
It should not vary more than 4 degrees from being perpendicular to the
channel, Its sill should be horizontal.

The disturbing causes may be divided into three classes: those which
always tend to increase the discharge over the computed amount; those
which always tend to decrease the amount; and those which may either in-
crease or decrease the amount, one being as likely to occur as the other,
and in the long run tending to balance each other.

The measurement of the depth of water is in general as likely to be
too great as too small, with careful measurement, and the errors due to this
may be neglected,

The effect of obliquity of the weir, or of eddies is to decrease the flow
below the computed amount,

The effect of any velocity of the water as it approaches the weir, of
the nearness ot the sides or bottom to the weir, incomplete contraction, of
a crest not perfectly sharp, of air not having access beneath the sheet of
falling water, etc., the effect of each of these is to increase the discharge,

The causes tending to increase the discharge evidently out number
those tending to decrease it, and are, all things being taken into account,
more difficult to overcome.

It is frequently not possible to meet all the conditions, But the er-
rors due to the weir not being vertical, or horizontal, or perpendicular to
the current, or for crest not being sharp, can be obviated by careful con-
struction,

If the weir is not vertical, the discharge is increased or diminished,
according as the inclination may be down or up stream. The correction
amounts to 4 per cent for inclinations as great as one horizontal to three
vertical, or for angles of about 18 degrees. For less inclinations the cor-
rection would be less,

The eftect of nearness of the sides in increasing the discharge, amounts
‘o about one per cent. when the distance is equal to the depth of the water
on the weir, about %5 of one per cent. when the distance is r} times the
depth, and may be neglected when over twice .the depth of water on the
weir, : .

The eflect of nearness of floor is to increase the discharge. ~ When the
depth below the crest is three times the depth over the weir the increase is
insensible; if 2,5 times the depth, is less than one-half of 1 per cent.; if 2
times the depth, nearly 1 per cent.; if equal to the depth, is 1.5 per cent. ;and
if but one-half the depth, over 2 percent. The amount of this varies with
other conditions,

An increase of temperature seems to increase the discharge, and the
presence of sediment has the same effect through action on the surface ten-
sion of the liquid. ~ With large openings the effect of the temperature is
less than with small. Under present conditions they need to be neglected.
Their influence is small,

VELOCITY OF APPROACH,

The velocity of approach is, all things considered, the most difficult to

_reduce within reasonable limics, and the errors thus introduced in ordinary

measurement are the most considerable, It is not possible to entirely pre-
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vent velocity in the approaching water, but by properly proportioning the
size of the channel to the opening of the weir, the velocity may be re-
duced to such limits that its eflects may be neglected, [A comparison
of tables I. and II. for allowing for velocity of approach will show this. ]
As water is liable at times to carry sediment, the space - in front-of the weir
under most conditions is liable to fill up. The water being thus confined
to a smaller cross-section the velocity is augmented, increasing the dis-
charge for the same depth over the weir. It is troublesome to make the
computation for the allowance for velocity of approach, the better way be-
ing to keep within the bounds indicated by the conditions on page 17, or
within limits indicated by study of tables I. and 1I; but where necessary the
following method may be used; with velocity of less than 1.5 feet the result
will be correct.  For greater velocity it seems probable that the correction
is not quite sufficient.  Itshould also be remrembered that this correction is
only for the additional head due to the velocity,

Let H = the head passing ‘over the weir, measured in quiet water, several feet from
the crest,

h = the head which would give the velocity of the water in the channel of approach.
This velocity may.be found by determining the quantity passing over the weir, by reference to
the tables, without correcting for velocity. Then the velocity is

Q

V=
A

Where A is the arca of the section of the channel above the weir in square feet, and Qis the
quantity in cubic feet per second. ‘Then

v2

h==—o

64.4
the denominator being twice the acceleration of gravitation, The correction for velocity is then
made by using in the weir formula, Q=383 LI H+-3hy, instend of TFl, as
the depth to be taksn.®™  ‘This form of correction is due fo Fteley and  Stearns,
It gives a much larger correction for velocity than is furnished by the Francis correction, byt it
agrees much better with measurements [ have made for high velocities ‘T'he experiments on
which it was based were limited to velocities of 2.5 feet per second,  ‘T'able 11. gives the per cent,
increase in discharge caused by different velocities, 1t will be seen how great this correction
hecomes, sometimes causing an increase of several hundred per cent., and, consequently, shows
the importance of keeping the velocity within low limits,

Toaid in the practical allowance for velocity of approach, two tables have been prepared
and are.printed as tables [ and 11 of the appendix. ~Table 11 shows the increase in per centy over
the quantities given in tables 1t and 1V by various velocittes of approach., ‘The increase with a
given velocity varies with the depth of water over the welr, being greater for small depths, A
velocity of one foot per second Increases the discharge over a weir when the water is flowing 3
inches deep, over 14 per cent; if lowing over the weir 1 (oot dec?, only 3.5 per cent. The table
I shows ‘what the average velocity ﬁ; as the water passes through the welr, or It shows
what is the velocity in the channel if the section Is the same as that of the weir, as it fre.
quently is, A comparison of the two tables will show the proper section lo give the channel in
order that the resulting errer shall be within reasonable Hmits,

The Cippoletti form of weir because of the reasons already given has
the most advantages of any module known to the writer for measurement
of water for irrigation parposes, It is reliable to within 2 per cent, with
the Francis formula, if placed " according to the conditions given, and
probably within 1 per cent. The ordinary methods of measuring or guess-
ing at the discharge of water vary from 40 to 400 per cent., as usually
used.  All that may be said of its advantages, save the one of having the

effective length of the sill in  proportion to the actual length of the sill is-

¥ ‘I'his is for a rectangular welr with no end contraction ar for a Cippoletti weir,  In the
case ol a rectangular weir with two complete end contractions, use H + 2.05h instead of 1.
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true of the rectangular weir also. It meets most of the conditions for a
good module. It lacks means of selt-adjustment, or of preserving constant
heights of water. - Where adapted, the spill-box may be used in connection
with it, when that condition would be very nearly met. Several canals
have introduced essentially this combination, and so far as reports have
reached the writer they have been satisfactory.

MEASURING THE HEAD H.

A correct measurement of the depth of water upon a weir is a delicate
matter and cannot be so easily obtained as might be supposed. Waves or
_ ripples and other disturbances of the surface, and capillary attraction, are
the chief sources of error.  When it is desired to ascertain very accurately
and closely the true level of the water surface, and depth upon a weir to
still water, a hook gauge should be used. This consists of a long graduated
rod, provided atits foot with an upturned hook or point, and sliding
vertically (by means of‘a screw motion) in a fixed support, to which is at-
tached a vernier indicating on the scale the height of the point. The slid-
ing rod is first run down until the point is well below the surface and then
gradually raised by means of the screw until the point just reaches the
surface, which is indicated by the first appearance of a “‘pimple’’ on the
water surface immediately over the hook. ‘
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To avoid inaccuracies due to the disturbance of the surface by the
current, by wind, etc., the level is sometimes taken (with the hook-gauge
or otherwise) in a side chamber which communicates with the main chan-
nel of approach.  The surface in the chamber maintains the same level as
that in the channel itself, but is comparatively free from disturbance, Ora
bucket communicating with the channel by means of a pipe, can be made
to serve in the same way. Either may, of course, be sheltered from the
wind.

For rougher and approximate measures a post is usually set at an ac-
cessible point on one side of the channel, above the weir, and its top cut oft
level at the exact level of the weir crest. The depth of the water is then
measured by a rule placed vertically on the top of this post and observed
with care—see figure 10.  If a tin or metal slide is used with the rule with
a sharp point to indicate the exact surface of the water, a closer reading
may be had than by the use of the rule alone—see figure 11,

RAISE SLIDE UNTIL A PIMPLE SHOWS
OVER_FOINT_AT_SURFACE OF WATER.

LEVEL _WLLH .CREST OF WEIR

}
TIN SLIDE. ro sr uskp ON A STEEL SQUARE, THUS

¥Igune 11,

For measures taken when there is no danger from freezing, the follow
ing arrangement is a very convenient one: A pipe, say three-fourth inch
lead, is passed from dead water a little above the weir, through or around
the weir, and connected to a vertical glass water tube st below the weir at
a convenient point of observation. In such case a scale with five gradua-
tions is fastened against the glass with its zere level with the crest of the
weir, The depth of water on the weir can  then be read off ata glance
quite accurately,

The height may be measured by means of a brass or other scale pro-
vided with diagonal ‘inclined bars, as in figure 12, so that a rise or fall of,
say, one-tenth of afoot would cause the water to rise or fall on the scale
three or four or five tenths of a foot, depending upon the .angle at which
the diagonal bars are placed. Page 298, Treatise on Hydraulic and Water
Supply Engineering. Fanning.
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FIGURE 12,

DESIGN.

The dimensions of the notch should be ample to carry the entire
stream, and yet not so. long that the depth of water on the crest shall be

less than three or four inches.

Where the flow of the stream to be measured varies considerably dur-
ing the season, it is necessary to provide for increasing or shortening the
length of the weir, so that the proper proportions of width and depth may
be maintained. This may be accomplished by the use of vertical stop
planks with flared or bevelled edges placed at one or both ends of the weir.

It it is found necessary to make the notch of the entire width of the
stream so that there will be no end contractions, partition boards will have
to be placed against the upper side of the weir flush with its shoulders and
at right angles to its plane, as in figure s. .

It may happen that the weir may be so long as to require intermediate
»osts in its frame-work, so that there will be really two or more weir notches,
nstead of one, as in figures 13 and 14. In this case proper allowance must
be made for end contractions at the posts as well as at the outer ends. _The
distance from the vertical edge of the weir notch on one side of a post to
the vertical edge of the weir notch on the other side of the post should not
be less than four times the depth of the water flowing over the weir, in order
to insure complete contraction. Ifit is not practicable to allow this dis-
tance, boards should be placed against the upper side ot the weir flush with
the vertical edges on either side of the post at right angles to the weir, and
extending down into the water a few inches below the crest, so as Lo en-

tirely suppress the contractions due to the introduction of the posts.  As

has been said, the discharge formulas apply ouly to cases of *‘no contrac-
tion'’ or to cases.of “com&)lele contraction,”’ and care ust be taken to see
that-the conditions are such as to insure one or the other of these.
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“Figs. 15 and 16 are designs for small measuring weirs, suitable for
shallow streams up to say 100 feet wide; Fig. 15 for earth or gravel bottom,
and Fig. 16 for rock.

In the former, the 8Xi1o inch hemlock sills S, and S; are first laid
across the bottom of the stream, which is trenched where necessary; care
being taken to lay S, in a true line. The sills should extend say from 5 to
10 feet into each bank of the stream. Tongued and grooved sheet piling P,
of 3X10 inch hemlock, is then driven close behind the uppersill S, to a
depth’of from two to four feet, and spiked to S,. A third sill, 5,, of the
same length.as S; and S;, is then laid behind the sheet piling, and the two
sills S, and S, and the sheet piling P are secured together, as shown, by
1 inch bolts, spaced about 2 feet apart, The tops of the sheet piling pro-
ject about a foot above the sills, and are stiffened by 4X4 inch timbers I,
bolted in front of them and resting upon the flooring /7 of 2X10 inchspruce,
This flooring, like the sills, extends several feet beyond each end of the
weir into the bank, and is there loaded toits full capacity with heavy stones,
Any spaces left underneath it by unevenness of the bottom should.also be
leveled up with stones or gravel.

A 1oxroinch yellow pine post M, 3 feet high, is tenoned between
sills S, and S, at each end of the overflow, and braced by an 8X10 inch
yellow pine strut N, tenoned to it and to the sill S, Beyond these posts
the sheet piling P extends as high as the top of the posts, and is cavried at
that heiglit into the bank; the tops of the piles being held in line by two
2X8 inch walling pieces U U bolted to them, one on each side.

In Fig. 16, the hemlock sills, S, of 10X10 inch, and Sr of 6X8 inch,
rest upon a Portland cement masonry wall, of varying height to accommo-
date the inequalitics of the rock bottom; and are secured to it by 1 inch
bolts spaced about ¢ feet apart,  These bolts pass down through the
masonry, as shown, and a fool or more into the rock below,

Between the wwo sills are bolted upright 3X10 inch tongued an¢
grooved hemlock planks P, 15 inches long, At each end of the weir, a
10X10 inch yellow pine post Mis tenoned between the sills, as in Fig, 15,
and built into the masonry ends of the dam, which last extend well into the
banks of the stream, o

PLANK WFEIR ELEVATION

' FIOURE 18, MRASURING WHIR OF WARTIHE OB GRAYEL BOPTON,
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MASONRY WEIR

FIa. 10, —MEABURING WEIR ON ROUK BOTTOM,

It both Figs. the crest-piece A4, is of 28 inch oak beveled so as to
leave a horizontal top face Jinch wide, The crest piece isletin flush
with the back of the piles or boards P, to which it is bolted, and is let into
the end posts M about 2 or 3 inches. At low stages of water the flow may
be confined to a portion of the length of the overfall by flash-boards placed
along the rest of the dam.

A crest-piece made of SX% inch bar iron is preferable to one of wood.
It requires of coursc much less cutting away of the sheet-piling, and its
upper edge is less subject to abrasion by drift passing over the weir. The
top edge, and the abutting ends of the several lengths, should be planed
smooth and square; the former to insure a sharp inner corner at A for the
water to pass over, and the other in order to avoid leakage. As a further
precaution against leakage, a strip or butt-strap of 8X 4 iron, about a
foot long, may be let in, between the crest-picce and the sheet piling, oppo-
site each joint of the former, and overlapping both the adjoining ends, the
piling belng cut away 36 inch deeper at those points, in order to accom.
date them. . Such butt-straps, if placed on the #p-stream side of the crest-
picce, would break the continuity of the shect of water pasging over the
weir, and thus interfere somewhat with the correctness of the gauging.

All the joints should be caulked with oakum. To apply the usual
weir formula (see pages 1 and 14) the back of the weir should be vertical
for a depth 22 below the crest A equal at least to twice the head H on the
welr, }t is therefore better to protect the back of the weir by tarpaulin
rather than resort to puddling, except close to the bottom.

In o long weir with a low fall, it is difficult to sccuren sufliviently  free
aceess of air to the space behind the falling sheet of water, especially when
the stream is low and the sheet tends to hug the face of the dam, {n such
cases o partinl vacuum forms between the falling sheet and the face of the
dam, and increases the discharge, thus vitiating the results. Tt is theretore
important in designing measuring weirs, to arrange (as far as possible) so
that the sheet of water may il clear through the entire disiance between
the up-stream andd down-stream fevels  without striking any portion of the
welr itsel?, tor such striking would diminish the elear space behingd the sheet
and increase the difficulty of preventing a vacuum there, " -~Pages 286 and
287 'Trautwine's Engincer's Pocket Book. '




27

Another form of construction is shown in Figures 13 and 14, which
are sufficiently in detail to make a written description unnecessary, Plank
should be put on the sills at the two ends and between the two weir notches,
and be loaded with stones and dirt. This form could be used on a moun-
tain stream where the flood waters are not to be measured and in place of
one of the weir notches a gate could be placed to allow the flood waters to
pass. After the subsidence of the flood the gates could be closed and all
the water forced through the weir notch, Other forms of construction
equally good might be designed and employed.

The weir should be stoutly built and.care should betaken to make the
foundation firm, the bracing substantial, and the planking rigid, so there
will be no vibration of the frame work or crest; and the sheet piling or
planking should go down deep, and well into the banks on each side; so
that there will be no leakage under or around it, A solid apron should be
provided to receive the falling water and prevent undermining.

Figure 17 shows a detail of crest of a sharp-crested weir. Figure 18
shows the slope of the sides of a trapezoidal weir, necessary to compensate
for end contractions.
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EXPLANATION OF TABLES.

Tables I and 1I in the appendix are for the purpose of correcting to
allow for the errors due to velocities in the approaching water without the
troublesome calculations indicated. ’

Table I is an auxiliary table giving the average velocity through the
weir for different velocities over the weir. It may beused to determine the
velocity of the water as it approaches the weir, under known conditions, or
with the aid of the second table, to determine the proper conditions of the
size of the channel, in order to bring the errors within assigned limits. The
velocity given is the average velacity in the plane of the weir. If, then,
the cross-section of the channel above the weir is no larger than the weir
itself, the velocity of the water through the section would be the same as
that of the table, Ifthe section is twice that of the weir, then the velocity
is one-half that of the table,

Table 11 is computed from the Fteley formula on page 19, and ex-
presses the increase due to velocity over that given in the tables ITI-V, To
use, the discharge as given in tables 111-V is determined, and the correc-
tion is applied according to the given depth over the weir and the velocity
of approach, The correction is expressed in per cent. The formula 1s
based on experiments limited to 2.5 feet per sccond, For greater velo-

citics, therefore, it *s possible that the quantitics given are in error.

EXAMPLE—WHhat correction to allow for the velocity of two feet per second, the water
passing over weir 1 foot deep., Find at the top the column with depth 1 foot, and at left find line
with velocity of @ feet persecond. [ollow the line to the right and in the column with depth 1
foot the number 14.3 is found which is the number of per cent, by which the discharge is increased.

The preceding text was compiled, and Table IIT was computed, by
the former state engincer, Willard Young, now Col. of 2nd Reg,U. S,
Vol, Engrs. The work of preparing for the press, and of making the com-
putations for Table 1V, was done by the present state engineer, R. C,
Gemmell,

Table 111 is computed from the formula, Q=3.33 L H3, Q being in
cubic feet per second, I and I in feet, The discharge is. given for a weir
one foot long, and for all depths up to 36 inches, the depths varying by
thirty-scconds of an inch, Where thereare two complete end contractions,
the amounts to be subtracted are given in the fourth column.

EXAMPLE,—What is the discharge over a weir 52 inches Jong under a
head of 127 inches, with two complete end contractions? :

124s inches is the same thing as 124 inches,  On page 32 find the dis-
charge corresponding to a headof 12 inches for a weir one foot long, which
is 3.3550 cubic feet persecond. 52 inches is cquivalent to 4 feet and 4 inches
or 4% feet, Then for a weir ¢ feet long the discharge is 4§ times
3355052145383 cubic feet per second, it without end contractions.  For
two complete end contractions the amount to be subtracted, found in the
fourth column, is 6744 cubic feet per second, The total discharge, then,
would Le 14,5383 minus .67447213.8639 cubie feet per second,

Table 1V is computed from the formula Q=23.33 (L—=c21) 1 & This
table pives the discharge with two complete contractions for all depths up
to 36 inches, the depths varying by sixteenths of an ineh, and for various
fenggths of weir, without the necessity of ealeulations of any kind whatever.
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FxaMpLES.—What is the discharge over a weir 1} feet long under a
head of 4+% inches, with two complete end contracticns?

Under column headed *‘1} feet long’ un page 39 find the discharge
corresponding to the head, H, of 4% inches, which is.9454 cubic feet per
second.

\Vhat is the discharge over a weir 5 feet long under a head of 12}
inches, with two complete end contractions?

Under the column headed *‘5 Feet Long’’ on page 43, will be fsund
two discharges corresponding to the head, H, of 12} inches. This is due
to the fact that ¥ of an inch is not exactly equivalent to .005 of a foot.
In order to obtain the exact result, add the two discharges together and

divide by 2, thus: 2 B—16.9837 cubic feet per second.

‘Table V is computed from the formula Q=3.33 L H #. Itis to be used
for obtaining the discharge over Cippoleti trapezoidal weirs, and for rec-
tangular weirs without end contractions gives a discharge about 1 per cent
too great.  This table is copied from Bulletin No. 27, State Agricultural
College, Fort Collins, Colo.

Depth in all cases in the following tables is measured to still water.

TABLE L.
Auxiliary Table for Approximating to Velocity of Approach.
pepth ot wterovar | Aoty || popun ot worover | ARG
weir., welr. welr, wolr,
in ft. in in, {n ft. per sec. in ft, in in, in ft. por socC.
.95 3 1.665 1.75 2t 4,400
.50 6 2.85¢ 2.00 24 4.709
.15 R 9 2,881 2,26 27 4,995
1.0 12 8.830 2.50 30 5.205
15 15 3.793 2,75 33 5.610
" LE0 18 1.078 3.00 86 6.705
TABLE 1L

Corrections in per cent for velocity of approach, to be applied to values ob-
tained from tables Ll to V.

DEPTH OVER WEIR, IN FRET.
Velac— |l mead,*

ity .25 | .60 t 5 | 1.00 | 1.95 | 1.60 | 1.75 | 2.00 | 2.5 | 2.50 | 2.75 | 8.00

% 0010 o8 ] w4 | v8]| 03] G3f 0.1] 0L o1 01} 017 0.1} 0.1

B 39 03.5 18 | 1.9} oo 07| o6} ns)| 04| 04] 081 03] 0.3

% ||- .0087 08,0 40} 26] 20l 1.6} 1.83] 11| 1.0} 00 08| 0.7} 0.7
1.00 0155 14.8 71 | 47| 8| 28} 28] 2.0 181 1.6) 1.4) 1.8 1.2
1.5 03 6 | L1 | TA | 6.6 44| 8.7 8.1 27| 24| 2.2,72,0) 1.8
1.60 0850 a8t | 1e1 bor] s ] 64| 68| 45 40} 8.8] 321 2.0 2.8
1.76 476 45.1 gaa {16l 1009] 87) 791 6.3 6.4 48| 4.8 3.4} 8.0
2,00 0622 60.9 § 203 | 10.%| 148 114} 9.8 81| 7.1] 887 5.6 6.1 4.7
2.26 WiBT 8.6 1314 | 20,56 | 182 | 14.5 | 12,0 [ 108 9.0 8. 7.2.7G.B ryn
2,50 L0471 0001 | 467 |30.nfo2el18.0) 140127 1L1) 0.0] 801 804 7.4
2.5 G17s |l 12108 | 660 | 8707 927.4 | 218 [ 18,01 16.4 1184 [ 110 1107 | w7 | 8.9
3.00 “taos || aseta | eout | acis | sl ) 217|186 | 16,1 ) 14,8 | 13.8 | 11,7 ) 0.7
3,93 i 1706 | 8.8 | he.d 821 | #0.0 | 266 21,8 | 10.0 ] 16.0 } 18,1 RERERTR
oo L oie0s || ams | 06.6 | 61,5 ) 457 | 86.1 29,0 ) 2.4 | 20.2 19.6 | 17.6 | 16.0 | 14.8
8,76 ‘o || 21,8 | 138.0 |72l an.0 | 418 ) B4.6 | 90,47 25,01 93.0 | 20,8 T8 18,8
4.00 "atgs |} 203'1 | 10,7 |-w2i6 i co.0 | 47.0189.6183.61202[25.0123.3120.0 0.2

2
*Hend= 0: e v being velocity in feet per-second, in first column.
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TABLE II1.

Discharge in cubic feet per second for exch foot in length
of a rectangular weir with no end contractions and with a
velocity of approach less than six inches per second, by the
Francis formula:
Discharge == 3.33 X (length — number of end contractions X 23 B) Na:

10

A EE) ] o o i [
g |3z, £ |25 g JRE,
g | gas 3 |E.B 3 (2:3
HEAD H. 3 235 HEAD H, 2 S821 HEAD B 2 1353
2 : c:g 2 o § § g ° ,"3
|3 |8@PE) . |3 |8&E}——-8 |8 |3F%

[ 8]
s | s88q a | 823 a |84%
. a¥e 297 223
In % g In S %3 A cs 3
inches In £ ol Inches | . q 3V in In P S
(approx!-| feet, .g.,; 925 Japproxt-| feet.] 5y | oo | inches | feet. | S [283
watoly.) 28 | 555 ] mately.) 3% | E&% £a |Ewa
=0 Q o Q = o

ag |o_8 aAg o d Ag |o_ 4§
s 23 2 88 2 2%
132 .0025 | 0,0006 | .0C00 } 15.32 J226 | L1428 | 0035 | 29-32 L2425 | 8976 | L0198
2-32 .0050 .0012 | 0000 16-33 1250 L1472 1 ,0087 80-32 2450 4038 | .0198
8-32 0075 0022 | .000V 17-32 1276 +1616 | U039 $1-82 2475 ~4100 | 0208

4-83 +0100 #0083 | 0000 18-33 .1300 L1561 | L0041 3inches :‘2500 .4162 | ,0208

5-32 0125 L0047 | ,0000 19-32 1325 .1606 | .0043 1-32 2525 4225 | 0213
6-82 0160 .0061 | .00VD 20-82 1850 21663 | .0U1D 2-32 - 2660 L4288 { (0219
7-52 0176 L0077 | L0000 21-53 L1876 L1698 | L0046 392 L2675 4951 1 0224
843 .0200 L0004 ] .0000 -] 2232 .1400 L1744 | L0048 4-32 2600 <4416 | 0230

9-32 <0225 .0113 | .0000 28-32 1426 L1791 | L0051 5-32 L2625 | . .4479 | L0235
10-32 L0250 L0182 ¢ 1001 24-32 .1450 L1839 | 0054 6-33 +2650 L4648 | (0241
11-83 0275 .0162 | .0u01 25-32 1476 1886 | .0U55 T7-33 .2675 24607 | .0246
12.82 L0300 0173 | .0001 26-32 J1500 L1984 | ,0087 882 L2700

12-32 L0825 0105 | 0001 27-82 L1625 .1883 | 0080 9-32 2725 AT37 .0258‘

18-32 0850 .0218 | .0001 28-32 1650 L2052 1 L0063 10-32 .2750 4802 1 0264
14-32 0876 L0242 | (0002 ] 2893 .1676 2081 10063 11.32 +2716 4868 | 1270
15-82 0400 ,0268 { ,0102 | 29-32 +16.0 L2181 | 0008 12-82 2800 L4934 | L0276

632 104328 ,0202 | ,0002 | 80.33 1628 .2181 | 0071 -12-82 . 2828 -.5000 ; LuL82
17-32 0460 .0818 | 0003 31.42 1660 2282 | 0074 13-32 2850 JBUBT | L0200
18.32 L0476 ,0345 | 0008 § 4 Inches | ,1675 .2.83 | 0076 1482 2875 5183 § 0295
19-32 L0500 ,0872 | ,0003 1.82 1700 2834 | L0079 16-82 2900 6200 | ,0301

20-32 L0525 .0401 | ,0004 2.32 L1725 2886 | ,0082 16-32 1925 5268 { .0308
21-82 0360 L0430 { 00U 8-33 1760 .2488 | ,0086 17-32 2050 5336 1 0816
492-32 0675 0459 1 0006 4-3% 1776 2490 | ,0u83 18-32 +2076 -5404 | 0823
28-32 0600 <0489 | L0005 6-32 «1800 2548 | L0091 19-32 .8000 5472 L0329

24-32 0625 .0521 | 0006 6-32 1823 .2596 | ,0094 20-32 .8025 5640 | 0335
6.3 - 0650 L0852 [ L0007 7-43 «1850 .2850 | ,0093 21-52 8050 L5609 ¢ 0842
26-33 0678 0385 |-, 0008 882 . },1875 L2704 | L0101 22-92 8078 L5678 | 0349
7-33 0700 40617 | 0009 9-32 1900 .27568 | L0105 23-32 .8100 5748 | 0857

28-32 0728 .0851 | ,0010 10-32 L1925 L2813 | .0108 24.32 8126 B81T | L0364
29-32 0760 0684 | L0010 11-32 21950 2867 | L0111 2633 L9160 58371 03871
$0-83 L0778 L0718 1 0011 12-82 L1876 22022 { L0116 26-32 L8175 (8967 | .0878
81-32 0800 L0758 | ,0018 18-82 +2000 L2078 § L0119 27-32 L8200 <6028 1 0386

lllgOh 0828 L0780 | ,0018 J 14.32 . 2028 .8084 | (0123 .} 2832 82256 .6099 | 0393
=33

2-32 0878 0862 | ,0016 16-32 078 L8148 1 L0181 $0-32 8278 6241 | 0100
8-83 0900 L0890 | ,0018 ] 17-83 +2100 L8205 ¢ 0135 81-52 8300 L6313 1 .0417

4-33 0025 L0087 ¢ 0017 18-32 L2125 28262 | 0139 4 Inches | .8325 6385 1 0425
5-32 0930 L0878 1 ,0018 10-42 2150 L8320 | 0148 1.83
5381 0075 J1014 | L0010 €0-32 L3178 4378 [ L0147 283 L8376 L5201 0441
632 . 1000 J0B3 .00 20-32 LA200 | L8430 | L0151 3-32 L3400 L6603 | (0449
183 +1025 «1003 | .0023 21.32 2325 3495 | 0185 4-33 8123 6675 | 0157
8-33 JUB0 J184 10024 22-33 21250 L3554 | 100 133 8450 L0748 | L0468
9.89 1078 JIT4 | ,0025 2482 22375 L0181 ,0104 5-32 8178 L6821 § L0474
10-32 Wl 21216 | L0027 24-82 +2300 84718 | L0l0Y 6-321 50 .6895 | 0482

11.82 1123 J1257 | ,0028 3§ 25-32 2328 3733 | L0174 7-83 3525 6069 | L0401
1242 1180 21209 1.,0080 { 26-82 «2850 J8704 | L0170 $-83 L3650 L7048 | 0300

13 1200 1884 | (0038 { 2882 42400 3916 | 0188 10.82 3600 103 | 0618
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Jt

e ) o 3 [ 2
£ |3z, g |3, £ |33,
3 | B2l § g 3 |2ad
HEAD H. & 253 HEAD H, $ |223] mrwon S |353
g 2 X3 2 g
] X 5 it 2 |3 g,g
| B Exl————] 3 2gz) - 8 |25
=9 = k-3 4
s |88, s | 823 8 1853
In g 823 Io s ¥ g |Ss5%
inches In ] 3 g | Inches Y 8393 in In g 8.8
(approxi-} feet. 5,5 £ 2 3 Japproxi- feet. ] T 829 inches, feet. Hg |E3%
mately.) ES: E &8 | mately)) EX 533 28 |5%8
a 3 [<] g ag o 8 Q g S g
2 88 g 8 8 ® S o
11.3% .3625 L7268 | L0527 §-32 5125 11 2‘;217 1252 30-32 .6625 ] 1.7936 | .2379
1232 3650 L7343 1 . 6-33 5150 1.2397 { .1263 31-32 6650 1.85058 | . H403
1382 L3675 7419 | (UBIE 7-32 5175 f 1.2307 | L1283 8 inches } .6675 1.8160 | .242(
14-32 3700 7495 | 0555 8-32 5200 1.2487 | 1299 1382 L6T00 1.8262 | 447
15-33 8725 L7871 | L0564 .33 5225 1.2577 | (1314 232 8125 1.8364 | L2470
16-32 .8750 L7647 | L0574 10-33 5230 | 1.2667 | (1330 3-32 618 1.8467 | . 2498
17-83 8775 L9733 | L0683 11-33 D276 1.2758 | 1346 4-32 L6178 1.8570 4 .2316
18-32 .3800 7800 § (0542 12-32 L6300 | 1.2849 1362 532 6500 1.8673 | 25640
19-32 .8325 L1817 1 0603 12-83 6325 | 1.2940 | ,1878 6-35 L6325 1.8776 | 2563
20-32 .8850 .7955 | .0613 13-32 5350 | 1.3031 | .1390¢ 7-32 6850 1.8879 | 9566
21-82 3476 .8032 | 0622 14-32 L5375 | 1.8122 | L1410 8-32 6875 1.8982 | ,2610
22-32 .8 .8110 | .0632 15-32 510 1.9214 | 1427 9-32 L6900 1.9086 | .2634
23-32 .8925 .8188 | .0642 16-32 7425 1.3806 | 1443 10-32 L6925 1.9190 | 2658
24-82 .3950 .8267 | .0653 17-32 6460 1.8398 | .1460 11 82 6950 1,929 2643
25-32 .89:6 .8346 | .0663 18-33 5476 | 1.3490 | 1477 12-33 6975 1.9898 | 2106
26-33 4000 L8424 [ L0674 19-82 5500 1.9583 | .1494 13-32 7000 1.9303 | .2181
27-32 4025 .8508 | .0685 20-32 6525 | 1.3676 | (1511 14-32 023 | 1,9607 | L2765
28-32 .4050 .8683 | .0696 21-82 .B550 | 1.3768 1528 15-89 L1050 1 1.9712 | .2780
28-32 4076 L8662 | .0TuB 22832 L6576 | 1.3462 | L1648 16-32 7076 1.9817 | .2804
29-32 .4100 L8742 1 077 23-32 5600 1.3956 | L1668 17.32 7100 1.9922 | .2020
30-32 4128 .8822 | .0728 24-82 .6625 | 1.4048 | .15%0 18-32 L7125 | 2.0037 | 2554
81-82 4150 L8908 | 0739 2393 L5650 | 1.4142 | ,1698 19-32 L7160 | 2.0188 | L2879
§ inches | 4176 .8983 { U750 26-32 LB6TA | 1,4236 | 1615 -82 L7175 | 2.0238 | L2004
183 | .4200 | .0064 | 0761 | a7s2 | .5700 |1.4830 | 1633 | 2032 7200 |9.0344 | .2929
2-83 4223 L0148 | 0772 28-32 5726 { 1.4424 | 1651 21.32 7225 | 2.0460 | L2056
8-32 4250 9226 | 0784 29.32 6760 | 1.4519 | 1669 22-32 L7250 | 2.0357 § L2081
4-32 4275 .9308 | 0796 80-82 5716 | 1.4614 | ,1687 23-33 L7276 | 2.0663 | ,8007
6-82 4300 9350 | 0808 81.33 L6800 | 1.4709 | .1708 24.32 L7800 | 2.0770 | .3083
632 L4823 L0472 1 .0819 Tinches | .5825 | 1.4804 | .172%5 25-32 L7825 | 2,0877 | 3059
Yoa | asso | .ossa|.oss1 | 1s2 [-ogs0 |1.4%00 | 1744 | 2682 | .7860 | 2.0988 | Bu84
882 | .48 | ‘o636 | .om3 § 2952 | .6875 | 1.4995 1 .1762 | 97.53 7375 | 2.1001 | 3111
932 |.e00 | .on10| 0855 | .32 | .5900 |1.6091 |.1781 | 2883 | .7400 | 2.1108 | .8137
5
10-32 L4428 .9802 | .0867 4-32 L5925 | 1.5187 | (1800 29-32 7425 2.1306 | .3164
1132 +4450 9885 | 0880 4.32 05960 | 1.6283 | 1819 30-92 L7460 | 2.1414 | 8191
1282 4476 .5968 | 0892 5-52 5975 1.5979 | 1848 81-32 R EY( 2.1621 | 3217
13-82 4500 1,0063 | .0904 8-92 .6000 | 1.5476 1857 9 inches | 760U 2.1620 | (8244
14-32 4625 1.0188 | .0917 7-32 .6025 1.6578 | 1877 1-83 1525 2.1787 | 8271
15-82 4560 1.0220 | .0V30 8-82 L6060 | 1.6670 | ,1896 2-33 13560 2.1848 | 320
16-32 4516 1.0804 | .0943 9-32 8078 | 1.6967 | 1016 3.3 L1575 2.1034 | 4826
17-82 4600 1.0389 | 0956 10-33 L8100 | 1.5868 | 1936 4.32 7600 | 2.2068 { .8358
1883 | .4625 | 1os7a | 0060 [ 1182 | .e126 116962 | .1055 § .83 | .T625 | 2.2172 | 8881
19-82 »4650 1.0659 | 0082 12-32 6150 31,6000 | 1978 6-32 7850 2.2281 | 3409
20-32 4676 1.0644 | 0995 18-32 L6175 {1.6168 | .10905 1-82 7678 2.28% | .8437
20-32 4700 1,0780 | .1009 14-32 L6200 | 1,6967 1 .2016 8-32 L1100 2.2b00 | (84656
21-32 4725 1,0816 { .1022 15-82 ,6225 { 1,6355 | .2030 0-3% L7725 1 2.2610 |, 8493
22-32 4760 1.0901 | .1035 16-33 16250 1.6464 | 2057 10-32 L1160 2.2710 Hn
23-82 4716 1,0088 | .1049 17-33 L6278 | 1.6568 | ,2078 11-33 116 2.2580 | 5B
24-32 4800 | 1.1074 } 1063 18-32 L6300 | 1.6652 | 2099 12-82 JT800 | 2.2840 | L8579
25-33 .4828 1.1161 | 1077 19-32 .6325 | 1.6761 | .2119 12-52 7625 2.8060 | 3608
26-32 14860 1,1248 § ,1091 20.32 L6350 | 1,6950 | L2140 13-32 1850 | 2.8161 ] .3687
27-33 4876 1.1835 | 1106 21-32 .6315 1.6959 | .2161 14-32 1876 2,3211 | .3665
28-82 4900 1.1422 | 1119 22-82 .6400 | 1.7050 2182 15-33 L7900t 2.8982 | L8694
2092 | 4025 | 13500 ) 138 | 2382 | .eazs | 17as0§ 2208 §1683 | .7925 | 2.m03) 8724
3082 | .4%v |1.1607|.1148 J 2482 | .0450 | 1.7:60 | 2205 | 1749 9050 | 3.8¢05 | 3764
81.83 4975 1,1685 | .1162 25-82 L6478 | 1.7850 | (2247 18-82 1976 2.4716 | 3763
& inches | ,5000 11793 { . 1177 26-32 6500 | 1,7451 | .2209 19-53 LBOLO 2.3828 | .9818
1-33 5025 1.1861 { ,1192 27.32 ,6525 11,7653 | .2201 20-33 L8025 2.3939 | 8842
233 +5050 1,1850 | .1207 28-33 .6560 | 1,7652 | .281% 21-83 .8050 2,4051 | 3872
832 5076 . L1222 ,6875 | 1.7164 | .2338 22-33 8076 2.4163 .3907
4-32 5100 1.2128 | .1287 20-82 6500 11,7885 | ,2857 23-32 .8100 2.4776 | 8938
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X £: & £x g iz

" 3 2 £7L . Eo

$ | is : | EaZ : |is
HELD B, -~ 5; -~ 223 BEAD H. - 3;:
e g e 2%z s |z%2
5 =& 3 & = tg8
3 £ 2 Bzl ——r——] % J3E%
2 |53 s |833 ER £
n £ FE] In e §Eg g 3382
inches in & £ " g inches In ] 53 In in g .2
{approxi-{ feet. | =5 £ 2% fapproxi- | feet. | 4 g3 inchee | feet | H.o |23 5
. mately.) £ £ Z 3 | mately.) £3 Eza 2% |E5%

: =0 (= ¥ =5 ox =3 =

4ag |o_8 RY |o’d AY |o_ 8
2 88 2 88 2 2%
21-32 L8125 ] 2.4833 | .8963 1882 L9623 | 8.1444 | .6053 11.83 1.1125 | 8.9074 { 5694
23-32 L8150 ] 2.4501 | .8u9¢ 19-33 L9650 3.15A7 | .6v93 12-33 1.1160 | 8.92C6 | .6T43
2832 .81is 2.4614 | 4023 20.32 9475 8.1690 { .6152 13-32 1.1176 8.9333% | .8792
2132 .8300 { 2.4727 } .4055 | 20-32 L9700 ) 3.1813 | .6172 | 14-83 1,1200 | 8.9470 | €811
23-32 L5223 | 2.4840 | .4°86 2182 .9725 | 8.1936 | .6212 15-82 1.12256 | 8,9602 | 8890
2931 8230 2.4033 | .4117 22-33 9760 3.20569 { .6252 16-32 1.1250 | 8.97356 | .8940
80-33 L8275 | 2.50G6 | .4148 2313 L9976 18,2183 | .6291 17-83 1,1275 | 8.9867 | .8990
81.31¢ L5300 | 2.5180 | .4180 24-32 9500 | 8.2806 | .6332 1882 1.1300 | 4.0000 | .9040
10 inches] .932% | 2.5204 | (4211 25-82 .0825 | 8.2430 | .6378 19-33 1.1325 | 4.0133 | .9090
1-32 L8330 | 2.5408 | 4218 26-83 .0850 | 8.2604 | .Gil4 20-82 1,1350 | 4.0266 | .9140
2-39 L8375 | 2.6532 | 4276 2783 L9876 | 8.2678 | .6154 a1 82 1,1376 | 4.0899 { 9190
8-32 L8400 | 2.5637 | .4307 28-32 L6900 | 8.2802 | .6495 22-32 1.1400 | 4.0532 | 9241
$-83 .8423 | 2.5751 | .4839 29-33 .9925 | 8.2026 | .65636 23-32 1.1425 | 4.0665 | .9292
4-33 .8480 | 2.5866 | .4371 30-32 .9950 | 3.8061 | .6578 24-32 1.1450 | 4.0799 | .9343
5-33 .84ib 2.5981 | .4408 31-32 L9976 8.8175 | .6619 25-82 1.1475 4.0033 | 0394
6-32 .8500 2,6098 | 4436 Flg inches [1.0000 8.8300 | .6660 26-83 1.1500 4.1067 | 0445
7-33 .8525 | 2.6211 | 4469 1-32 1.0025 | 3.8425 | .6702 27-32 1.1625 | 4.1201{ .9496
8-32 LH550 2.6327 | .4502 2-33 1.0250 8.8°50 | .6T44 28-32 1.15650 4,1485 | L9548

9-33 8575 | 2.6142 | 4585 8-32 1.¢075 | 8.3675 | .6786 28-33 1.1676 | 4.1469 | .9600
10-82 L8600 | 2,6358 | .4568 4-32 1,0100 | 8.3501 | .6828 29-33 1.16.0 | 4.1604 { .9652

11-8% L8625 | 2.6674 | .4601 5-32 1.0126 | 8.3926 | .6870 § 80-52 1.1626 | 4.1733 | .0704
12-32 L8650 | 2.6790 | .4635 6-32 1.0160 | 8.4052 | .6918 -§ 81.32 1,1650 | 4.1878 | 9757
13-32 L8676 | 2.6905 | .4668 7-33 1.0176 | 8.4178 | ,6955 Ji4 Inches |1,16756 | 4.2008 | .9809

14-82 8700 | 2.7023 | 4702 832 1.0200 | 8.4304 | .6998 1-82 1°1700 | 4.2143 | .9862
15-32 8725 | 2.7189 | .4736 9-92 1.0225 | 8.4430 | .7041 2-83 1.1726 | 4.2278 | 0914
16-82 "] .8750 | 2.7256 | .4770 10-32 1.0260 } 8.4567 | 7085 832 1.17650 | 4,2413 | 0967
17-82 8776 | 2.7813 | 4804 11-82 1,0278 | 8.4688 | 7128 4.32 1,.1775 | 4.9548 11.0020

18-82 8800 | 2.740v | .4839 12-82 1.0300 | 8.4810 | .T171 5-32 1.1800 | 4.20684 |1.0073

19-32 .8825 | 2.7607 | .4878 | 1282 1,0825 | 8.49037 | 7216 6-32 1.1825 | 4.2820 11.0137
2133 JB850 12,7724 | 4807 18-32 1.0350 | 8.5063 | ,7258 7-32 1,1850 | 4.2056 |1,0181
21-32 8876 | 2.7841 | .4011 14-32 1,0376 | 8.5191 { .T802 832 1.1876 | 4.8092 11,0234
22-83 ,8900 12,7939 | 4976 | 15-32 1.0400 | 8.5818 | 7846 9-32 1.1800 | 4.8228 |1.0288

5 23-32 .8925 | 2.8077 | .501F § 16-32 1.0425 | 8.6445 | 7890 § 10-82 1,1025 | 4.8364 |1.0342
; 24-33 L8950 | 2.8195 | (5047 1752 1.0460 | 8.6678 | .7486 ] 1183 1,1960 | 4.8501 |1.0397
25-82 L8975 | 2.8318 | 583 ¥ 18-52 1.0476 | 8.5700 | ,7479 12-82 1,1976 | 4.8637 11,0451
26-82 L9000 | 2.84823 | .5118 ] 19.33 1,03500 | 8.5828 | ,7524 18-82 4,8774 11.0508

21-82 .9025 | 2.8550 | 56163 20-33 1.0625 | 8.6050 | 7560 14-92 1.2026 | 4.8011 |1,0661
28-32 L0050 1§ 2.8669 | 5189 | 21.32 1.0550 | 8.6085 | 7614 15-83 1.2080 1 4.4048 11,0016
28-32 L0070 ] 2.8783 1 ,5925 22-82 1,0675 | 8.6218 | ,7639 16-32 1.2075 | 4.4185 |1.0671
20-32 L9100 | 2.8907 | .6261 ©8-82 1,0000 ] 8.6342 1 7705 17-32 1.2100 | 4.4322 |1.0726

80-82 0123 18-32 1.2125 | 4.4469 |1.0781

81-32 L0160 19-32 1,2150 | 4.4597 |1.1837
11 lnches | 9178 5

I
»
=]
=3
=]

20-82  |1.9178 | 4.4 1.0593
1-83 KN 20-32 1.2200 { 4.4873 j1..049

2-33 9233 21-33 1,225 | 4,4011 §1.1005

8-13 9260 22.82 1.9250 | 4.5149 |1.1061

482 9275 2:-82 1.9275 | 4.5287 {1.1118

532 L9300 24-82 1,2800 | 4.5426 |1.1176

6-32 9825 25-32 1.2326 | 4,6364 11,1232

7-83 9330 26-32 1.2850 | 4.5708 |1.1289

8-82 90876 27-33 1.2376 | 4.5841 ]1.1346

9.32 0400 2892 1,2400 | 4.5981 {1,1403

10-32 0423 2982 1.2426 | 4.6120 |1.1160

11-33 0150 3032 1.2450 | 4.6259 11,1618

12.31 T8 31-32 1.2475 ] 4.6898 11,1676

18.32 L9500 16 inches 11,2500 | 4.6538 [1,1634

14-82 Buh ] 183 1.2525 § 4.6€678 11,1698

15-39 9350 2-32 1.25350 | 4.6818 |1.1763

\ 18-82 9115 8.32 1,2575 | 4.6958 11,1810

82 1.2600 . | 4.7098 |1.1869
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(approxi-] feet. 5 £ g3 fapproxt-| feet } g So% | inchea | feet 35 2ie
mately.) E g &1 5 | mately.) EE:] E-?‘é. £s fsx3s
ag |o_8 A% |o*8 Rg (5. 18
2 88 2 8s £ 83
5-32 1.2623 | 4.7238 [1.1921 30-32 1.4125 | 5.5902 |1.5793 24.82 1.5626 | 6.5039 |2.0334
6-92 1.2650 | 4,73i8 |1.1986 U 31-32 1.43150 | 65,6050 |1.56862 25-32 1.6650 § 6.6195 |[i.1408
7-33 1,267 4.7519 11,2016 17 inches |1.4175 5.6199 [1.5932 26-32 1.56675 6.5351 12,0487
8-32 1.2700 | 4.7660 |1.2106 -32 4200 | 6.6348 |1.6003 27-33 1.6700 | 6.65u8 }2,0569
9-32 1.2726 | 4.7801 {1.2166 2-32 1,4235 | 8.6497 |1.6073 28-32 1.5725 [ 6.5664 [2.06b51
10-32 1.2750 4.7941 {1.2225 8-32 1.425 5.6646 [1.6144 29-32 1.5750 6.56821 [2.0733
11-32 1.2776 4.8083 [1.2286 4-32 1.4276 | 5.6795 {1.5216 30-33 1.6716 6.5978 13,0818
12-32 1.25800 | 4.8224 |1.2346 5-32 1.4300 | 5.6944 {1,6286 81-32 1.6800 | 6.6135 |2.¢599
12-32 1,2825 | 4.8365 |1.2406 842 1.4335 | 5.7093 {1.6857 {19 inches |1.5825 | 6.6202 {2.0081
13-32 1.2850 | 4.8506 |1.2466 7-32 1.4350 | 5.7243 {1.6420 1-32 1.6850 | 6.6449 [2.1064
14-32 1.2075 | 4.8648 [1.2527 8-32 1,4875 | 5.7302 }1.6500 232 1.58756 | 6.6606 |2.1147
15-32 1.2000 | 4.8799 }1.2588 9-32 1,4400 | 5.7542 11.6672 3-32 1.5900 [ 6.6764 {2.1281
16-32 1,2925 | 4.8932 11,2649 10-32 1,4425 | 5.7692 11,6644 4-82 1.5092% | 6.6021 {2.1314
17-82 1.2950 4,9074 [1.2710 11-32 1.4450 | 5.7242 |1.6716 4-32 1,5450 8,7079 {2.1898
18-32 1,2976 4.9216 [1.2771 12-32 1.4476 5.7992 {1.6789 b5-82 1.5975 6,7236 }1.1482
19-32 1.8000 | 4.9858 [1.2833 18-32 1.4500 | 5.8143 |1.v862 6-82. 1.6000 | 6.7304 |2.1568
20-82 1,3025 4.9500 [1.2894 14-32 1.4525 5.8208 [1.6934 7-83 1.6025 8.76562 |3.1650
21-82 1.3150 4.9643 |1.2956 16-32 1.4560 5.8144 |1.7007 8-32 1.6050 6.7710 |2.1736
22-32 1.8076 4..786 |1.8019 16-32 1,4575 | 5.8504 }1.7080 9-32 1.6078 | 6.7868 2.1819
23-32 1.3100 | 4.9329 {1,3082 17-32 1,4600 | 5.8745 ]1.7168 10-82 1,6100 | 6.8027 |2.1904
24-32 1,8125 | 5.0073 |1.8144 18-32 1,4625 | 6.8896 |1.7226 11.82 1.6125 | 6.8185 {4.1969
25-32 1.8150 |} 5.0216 |1.8207 19-32 1.4650 6.9047 [1.7800 12-32 1.6160 86,8344 12,2076
26-32 1.8176 | 5,0838 |1.8270 20-33 1.4676 | 6.9198 |1,7474 13-32 1.8176 | 6.8503 [2.2160
27-82 1.8200 | 5.0502 |1.3883 20-52 1.4700 | 8.9350 |1.7449 14-32 1.6200 | 6.8662 [2,22468
28-32 1.9225 | 5.0845 |1.8398 21-32 1.4725 | 6.9501 |1.7528 15-82 1.6225 | 6.8821 [2.2332
29-32 1.82560 | 5.0789 |1.3460 22-82 1.4760 | 6.9653 |1.7608 16-32 1,6250 | 6,8980 ]2,2418
80-32 1.8276 | 5.0933 [1.8523 23-33 1.4775 | 6.9805 ]1.7674 1783 1,6276 | 6.9189 12,2508
81.32 1.8300 | 65,1077 |1.8587 24-32 1.4800 | 6.9957 |L.7747 18-32 1.6300 | 6.9200 |2.2592
18 inches |1.8325 | 65,1231 |1.8651 25-32 1.48256 | 6.0109 |1.782% 19-82 1.6326 | 6.0168 [3.2678
132 1.8350 | 5.1865 {1.8716 26-33 1,4850 | 6.0261 |1.7898 20-52 1,8350 | 6.9618 |3.2765
232 1.9876 | 5.1609 {1.8779 27-33 1.4876 | 6.0413 [1,7078 21-32 1.6376 | 6,4777 |2.2852
882 1.8400 | 5.1864 [1.8844 | 28-82 1.4900 | 6,0565 {1.8048 22-92 1,6400 | 6.9937 |2.2089
4-82 1.8426 [ 5.1798 [1.8908 29-32 1.4925 | 6,0717 |1.8124 23-32 1,8425 | 7.0007 {2.8027
4-32 1.8450 | 5.1948 |1.3973 80-33 1.4950 | 6.0870 |1.8200 24-32 1.6450 | 7.0268 12,8118
532 1.8475 5.2088 jt.4038 31-32 1,4975 | 6,1029 |1,8276 23-82 1.6475 | 7.0418 |2,8208
6-32 1.8600 | 5,2233 |1.4103 }18 inches [1.6000 6,1176 |1.8353 26-33 1,6500 | 7.0878 [2,3201
7-82 1.8525 | 65,2878 [1,4168 1-32 1.5025 | 6.1829 [1,8420 27.82 1.6525 | 7.0738 {2 8379
8-32 1.8550 | 6.2628 {1.4243 232 1.6050 | 6.1482 |1.8508 28-32 1.6550 { 7.0809 |2,8467
9-32. 11.8575 | 6.2663 [1,4209 832 1.5076 | 06,1835 {1.8583 § 28-82 1.6576 | 7.1060 |2,3586
10-32 1.3600 | 5.2814 [1.4865 4-33 1.5100 | 6.1789 {1,80660 § 29-32 1.6600 | 7.1221 |2,3645
1132 1,8625 | 65,2060 [1.4431 5-82 1.5126 6.1043 |1.8747 30-32 1.6625 7.1383 [2.8788
12 32 1.8850 5.3106 [1.4498 6-32 1.61560 6.2096 |1.8815 81.82 1,6650 7,1643 13,3824
18-33 1.36756 | 5.3252 [1.4564 7-83 1.6176 | 6.226v |1,8893 §20 inches [1.6676 | 7.1704 12,8018
1432 1.8700 | 65,8308 [1.46381 8-32 1.5200 | 6.2404 {1,8971 1-82 1.6700 | 7.1865 |2.4008
16-33 1.8725 5.8644 [1,4698 9-32 1.5325 6.2558 |1.9040 2-32 1.6725 7.4026 [2.4008
16-32 1.9750 | 6.8601 |1.4765 10-32 1.5250 { 6.9712 |1.9127 382 1,07650 | 7.2183 [2,4188
17-32 1.8775 | 6.8337 |1,4832 11-83 1.5276 6,2860 |1,9206 4-33 1.6775 7.2350 (3.4278
18-32 1,8800 | 5.3984 11.4900 12-32 1.5300 | 68,8020 |1,02¢4 6-32 1.0800 | 7.2312 |2.4304
19-32 1.3825 5.4131 [1.4067 12-33 1.5825 6.3174 {1.0363 0-92 1.6825 | 7.2674 {2.4458
20-32 1.8850 | 6.42717 |1.6034 13.82 1.6850 | 6.8320 [1.0442 732 1.6830 | 7,2830 12,4646
21-32 1.3¥75 | 65,4425 11,6108 14-32 1.6375 6.8484 |1,0521 832 1,0476 | 7,200% |2,4687
%2-32 1.8900 | 6.45672 |1.6171 1562 1.6400 | 6,8639 |1,9601 9-32 1,6000 | 7.8160 {2.4728
23-32 1,8925 | 6,4719 11,6232 16-323 1.65425 6,3704 |1.0680 10-832 1,6025 | 7.3822 [2.4819
24-82 1,8950 | 5,4860 [1.5308 17.32 1.5450 | 6,8940 11.9760 11-33 1,6050 | 7.8185 12,4011
25-33 1.89i56 | 6.5014 |1.6977 18-32 1.5475 | 6.,410¢ [1,9840 12-82 1,6076 | 7.8647 |2.8003
26-32 1.4000 | 65,6162 |1.5446 19-82 1.6500 | 6,4260 {1.9920 18-82 1.7000 { 7.8810 (2,5090
21.82 1.4025 | 5,5309 {1.5515 20-82 1.6525 | 86,4415 [2.0000 14-82 1.7026 | 7.8973 ]3.5187
28-32 1.4050 | 5.5457 |1.56588 21-32 1.5550 | 6.4571 12,0080 15-82 1,7050 | 7.4186 [3.56280
28-32 1.4075 | 5.5605 [1.6658 2282 1,6576 | 6.4727 |2,0161 16-82 1.7078 7.4209 12,6878
20-32 1.4100 | 5,5754 |1.5728 23-82 . 6,4383 [2.0243 11-82 L1100 | 7.4408 (2.5407
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18-32 1.7125 | 7.4626 {2,5569 1183 1.8625 | 8.4642 {3.1529 5-32 2.0125 { 9.5071 |3.8266
10-32 1.71150 7.4789 [2.5652 12-82 1,8650 8.4513 [3.1635 6-32 2.0130 9.5248 |3,8385
20-33 17176 | 7.4953 12,6746 18-32 1.8675 | 8.4Y68 13,1741 132 2.0176 | 9.5425 {3.8604
20-33 1,7200 | 7.6117 [3.6840 14-32 1.8700 | 8.5154 [8.184 8-82 2,0200 | 9.6603 [3.8624
21-32 1.7225 | 7.62680 [2.593¢4 | 15-33 1.8725 | 8.5825 [3.1954 9.33 2.0295 | 9.5780 [3.8743
22-32 1.7250 | 7.5444 |2.6023 16-83 1.8760 | 8.5496 13.2u61 10-32 2.0250 | 9,5958 [3.8863
28-32 1.7276 7.5609 (2.6128 17-32 1.8775 8.5667 [3.2168 11-32 2.0275 9.6136 [3,8988
24-33 1.7800 | 7.6778 ]2.6217 18-33 1.8800 | 8.5838 13.2276 12-82 2.03¢0 | 9.6314 [3.9104
95-82 1.7825 | 7.5037 [2.63: 19-32 1.8825 | 8.6009 |3.2382 12-32 2.0326 | 9.6492 [3.9224
23-33 1.7850 | 7.6101 12.6407 20-32 1.8850 | 8.6181 [8,2490 13-32 2.0350 | 9.6670 [3,9345
2182 1.7876 | 7.6266 |2.6502 21-82 1.8876 | 8.6352 |3.2598 14-33 2.08756 | 9.6818 |3.0465
28-32 1,7400 | 7,6431 12.6598 22-32 1.8900 | 8.6524 [3,2708 15-82 2.0400 | 9.7026 13.9586
20-32 1.7420 | 7,6596 |2.6604 23-82 1.8025 | 8.6696 ]3.2815 16-32 2.0425 | 9.7204 [3.9708
80-32 1.7450 | 7.6760 {2.6789 24-82 1.8950 8.06868 (3,228 17-32 2.0450 | 9.7183 [$.9830
31-32 1,746 7.6026 [2.6586 25-83 1.8975 8 7040 |3.8082 18-32 2,0178 9.7662 |3.9952
21 tnches 11,7600 | 7.7091 {2.6982 26-32 1.8000 | 8.7212 [3.8141 19-32 2.0500 9.7741 [4.0074
1.82 1.7625 7.9256 [2.7078 2782 1.9526 8.7384 |8.8250 20-32 2.0526 9.7920 {4.0196
2-32 1.7650 7.7421 |2.7175 28-32 1.9050 | 8.7656 |3.8339 21-82 2.0650 9.£098 }4.0818
842 1,7676 | 7.1656 {2.7272 28-32 1.9076 | 8.77:8 {3.8468 § 22.33 2.0576 | 9.8278 {4.0442
4-32 1,7600 | 7.7752 [2.7369 29-33 1.9100 | 8.7901 [8.8578 23-32 2.0600 | 9.8457 |4.u565
5-32 1,764 7.7918 12.7466 30-32 1.9125 8.8078 |3.3688 24-82 2.0625 | 9.8636 {¢.0688
6-32 1,7650 T7.8u84 |2.7664 81.82 1.9150 8,5246 [3.3798 25-32 2.0650 9.8815 |:.0811
7-33 1,766 7.8250 [3.7661 23 inches {1.9175 8.841Y [3.39u8 ©¥6-32 2.0675 9.8994 [1.0934
8.82 1.7700 | 7.8416 [2.7759 1-32 L.9200 | 8.8592 |3.4019 27-32 2.0700 | 9.9174 {1.1058
9-32 1.7726 | 7.8582 [2.7857 2-32 1,9225 | 8.8766 [3.4130 28-32 2.0725 | 9.9354 [4.1183
10-32 1.7750 | 7,.8748 |2.7955 3-32 1,9250 8.8939 |3.4242 20-33 2.0750 9.05634 [4.1307
11-33 1,77176 | 7.8914 ]2.8054 4-82 1.9276 8,9112 [3,43858 30-33 2.0776 9.9714 |4.1481
12.82 1,7800 | 7.9081 |3.81563 5-32 1.9300 | 8,9285 [8.4464 81-82 2.0500 9.9894 (£.1656
1283 |1.7825 | 7,048 |2.8252 [ 6.39  [1.7925 | B.0468 [3.4575 |15 tnches |2.0825 10,0074 |4.1681
18.33 1.7850 7.9415 {2.4851 7-84 1.0350 | 8,9682 {3.4687 1-32 2.0850 [10.0254 {1.1808
14-32 1.7876 7.9582 [2,8450 8-32 1.9376 8.9%06 [3.4799 2-32 2.05876 10,0134 [4.1981
15-82 17900 | 7,9749 2.8560 9.32 L4400 | 8,9050 {3.4932 3-82 2.0000 10,0615 |4.2087
1652 L7025 17,0016 12,8050 ¥ 1089 [1.9495 | o0.064 (3502t | a8z lo.0095 |10.0705 4.9183
17-32 1.7950 | 8,008% [2.8750 11.83 1.0460 | 9.0828 18.5187 4-32 2,0950 10,0976 {4.2309
18-32 1.7976 | 8.0250 [2.8850 12-33 1.9475 9.0502 19,6250 5-32 2.0975 10,1157 [4,2485
19-82 1.8000 [ 8.0418 [2.8950 18.892 1.9500 9.0077 {8.630¢ 8-32 .. '|2-1000 110,1838 |4,2563
20.82 1,8025 8,0385 [2,9051 14-33 1.0525 0.0851 [8.5¢17 7-32 2,1025 [10,1510 |4.2689
21-31 1.8050 8,0738 |2,0152 16-82 1.9550 9.1026 [3.6501 8-32 2.1050  110,1700 |4,2818
22-82 1 8075 8,0021 [2.9258 16-33 1.9575 9.1200 (3,5705 9-32 2.1076° (10,1881 {4.2948
28-33 1.8100 | 8.1089 [2.935¢ 17.83 1.96L0 | 9.1875 [3.5819 10-82 2.1100 [10,2068,f1.8071
24.81 1.81u5 8.1237 12,9455 18-82 1.9625 9.1650 [3.6933 11-82 2.1128 10,9244 [4.3199
26-32 1,8150 8.1425 )2,9557 19.32 1.9630 0.1726 [3.6048 12-32 2,1160 [10,2426 [4,8327
26-32 1.8176 8,1693 {2,0639 20.82 1.9675 9.1000 {3,6162 13-32 2,1176  [10,2607 {4.3455
27-33 1.8200 8.1762 [2.9762 20-32 1.9700 9.2076 [3.8277 14-32 2,1200 |10,2789 |+.8388
2533 (L6235 18.1950 j2.9804 [ 9159 (19725 | 9.22%0 [3.6393 [ 15.82  [a.1225 [10.90m1 |+.570a
29.82 1.8260 8.2009 [2.9068 22-32 1.9750 0.2426 (3.6508 16-33 2.1250 [10,8153 |t.8840
81-32 1,875 8,2208 {5,010y 23-33 1.9776 9.2601 8,608 17-82 2,120 [10.8835 [t 8969
81-82 1,850} 8.2487 [8.0172 24-33 1.90800 9.2777 [8.6759 18.82 2.1800 10,8518 |i.4099
22 Inchios [1.8325 | 8.2608 {3,0275 25-82 1.0825 | 9.2058 [8.6856 19-.32 2.1823  |10,8700 [t.4228
- 8350 8,2776 (83,0978 26-32 1.9250 0.8129 13,6973 20-32 2,1350 [10.8882 |1,4857
233 1.8875 8,2844 [3,0181 27-82 1.9878 9.8305 {3,7089 21-33 3.18756  {10,4061 {1.4487
$-92 1,8400 8.8118 18,0585 28-32 1.9900 9,818 [8.7203 22-33 22,1400 110,4247 [+.4617
491 L8 | 8.9283 [4.0639 1 2089  [1.0025 [o0.907 [1.7302 [ assn (o125 10,4480 {44748
4-82 1.8450 | 8.8452 (3.070¢ 80.32 1,0050 | 9,9834 [3.7440 24-32 2, 1450  {10.4618 [4.4879
5.84 1.8478 8,8622 [8.0898 31-33 1,0076 9.4010 |3,7657 25-32 23,1476 |10.4796 |¢.8010
0-33 1.8500 | 8.8792 [3.1003 f24 Inches [2.0.00 9.4187 [8.7675 26-82 3.1600 {10,407 jt.6141
7-32 1,852% 8.8062 [3,1108 1-3% 2.0025 0.4963 |3.7793 27-32 2.1825 10,5162 [¢.5972
8-32 1.8560 8.4132 {8.1218 2.2 2,050 9.4640 [4.7011 28.92 2,1650 |10,5345 |{.5404
9-33 1,8376 8.4302 (18,1818 3.32 2.0075 9.4717 18.8029 98;3? 2.1876 [10.5528 [1,7535
10-33 1,8600 | 8,4172 [3,1428 4.32 2.0100 | 9,4804 {4,8147 29-32 2.1690 10,6712 {t.5667
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30-32 2.1625 110.5895 14.6792 | 2433 2.8125 §11.7102 [5.4160 18-82 2.4625 |12.¥679 [6.8375
81-32 2.1650 10,6079 14.5932 | 25-32 2.8150 11,7292 [5.4306 19-32 3.46500 12,8815 [6.8636
26 inches [2.1676 [10.6263 [4.6065 } 2632 123175 [11.7484 [5.4453 | 2083  J2.4675 [12.9071 [6.8697
132 L1700 |10.6447 [4.6198 § 27.32 2.3200 [11.76%8 {5.4600 § %0.32 2.4700 112.9267 6,888
233 [2.1755 [10.6681 [+.633t ¥ o883  [a.3305 |11.7863 [5.4mar § 2182 [a.4725 [12.9463 [5.40%0
382 2,1750 |10.6815 14.6464 29-32 2,.8250 [11.8053 [5.4694 22-32 2.4750 112.9660 |6.4182
4-32 12,1775 [10.6999 14.6598 | 3032  [2.8215 J11.8%43 |5.5042 § 2382  [2.4775 |12.9856 {6.4844
5-32 2.1800 J10,7184 14.6732 31-32 2.8300 [11.8434 [5.5190 24-82 2.4800 113.0038 [6.4506
632 2,1825 10,7868 |4.6806 198 inches {2.3325 [11,8625 |5.5398 23-32 2.4825 [18.0250 [6.4669
7-32 2.1850 110.75562 |4.7000 1-32 2.3350 |11.8816 i5,56187 26-82 2.4850 18,0447 16,4882
8-32 2.1876 110,%737 |4.7135 2-32 2.33756 [11.9007 {5.5636 27-82 2.48756 {13.(614 {6 4985
932 [2.1900 (10,7922 [4.7270 | 832  [2.3100 (11,9198 [5.6785 | 2882  [2.4900 ]13.u841 [6.5159
10-32 2.1925 10,8107 [4.7405 4-32 2.34256  }11,9389 )5,5084 20-32 23,4925 113,138 |6.6322
1182 |2.1950 [10.8292 |4.7640 | 432  12.8450 |[11.95680 |5.6083 J 80-33  [2.495u [13.1235 |6.56486
1232 {2.1976 |10.8477 [4.7675 } 5-33  [2.3476 [11.9771 [5.6233 | 81.82  [2.4076 {13.1432 [6.5650
18-32 2.2000 " {10.8662 [4.7811 6-32 2.8500 )11.9963 |5,6888 0 inches |2,5000 (18,1630 |6.6815
14-32 2.2025 |10.8847 }4.7947 7-32 2.8625  [12.0164 (65,6538 1-82 2.6026 13,1827 16.5970
16-32  [2.2050 |10.9033 [4.8084 | 832  |2.3550 [12.0346 [5.6683 | 282  [2.5050 {18.2026 |6.G144
16-32 2.2076 1'7.9218 14,8220 0-82 2.3576 (12,0537 ]5.6848 3382 2.6076 |13.2222 {6.6309
17-82 2,2160 |10.9404 [4£,8357 10-32 2.3600 |12.0729 |5.698¢ 4-32 2.6100 [13,2420 {6.6475
18-82 2.2126 [10.9569 14,8493 11.83 2.3625 [12.0921 |6.7185 5-33 2.56125 18,2618 [6.6040
19.32 2.2150 {10.9776 {4.8630 12-32 2.8650 {12.1118 [5,7288 6-32 2,56160 ]13,2816 |6 6
20-82 2.2176 |10.9961 }4.8767 13-32 2.8676 [12.1305 [5.7487 7-32 2.5176 (18,8014 [6.6078
20-33 2.2200 [11,0147 [4.8905 14-82 2.8700 12,1497 [5,7589 8-32 2.6200 {13,8213 16,7144
21-82 2,2225 [11.0333 [4.9043 15-32 2.8725 ]12.1689 |5.5741 9-82 2.6225 18,8411 {6.7806
22-32 2.2250 |{11.0519 [4.¥181 16-32 2.8760 |12.1882 |5,7594 10-82 2.56250 {18.3600 (6.7478
23-32 2,2276 11,0705 4.93}9 17-32 2.87756 |12.2074 [5.£046 11-82 2.6276 ]19.3807 {6.7640
24-32 2,2300 (11.0892 14.9458 18-32 2.8800 12.2267 |5.8199 12-92 2.6800 ]18.4606 [6.7807
25-32 2,2825 [11.1078 [4.9506 19-33 2.3826 [12,2460 |6.8352 12-82 2.5326 |18,4v05 16.7975
26-32  [2.2350 {11.1265 [4,9785 |} 20.82  |2.3850 [12.2653 (5.8508 § 18-82  [2.5350 [18.4404 |6.8148
21.32 2.28756 (11,1452 [4,9874 21-52 2.8876 |12.2846 [56.8650 14-32 2.657h |18.46¢3 16.8811
4 28.33 2,2400 11,1630 |5.0014 42 82 2,8900 |[12.8(39 [6.8813 16-82 2.6400 |[18.4802 [6.8480
20-32 2.24256 |11.1828 |5.0154 28-32 2.89%5 [12,3232 [5.8067 § 16-82 2.6425 |18.6001 [6.8648
30-32 32,2450 [11.2013 {6.0204 24-32 2.8050 [12.3495 |6,0121 17-82 2.6460 |18,5200 |G.8B17
31-32  [2.2475 [11.2200 [5,0384 § 25.92  [2.3976 [12.8618 [5.0276 J 1832  |2.6476 |18.5800 |G.8h86
27 inches [2,2500 11,2887 |6.0674 26-32 2.4000 {12.8811 {65.9420 19-32 2.6500 [18.6648 [6.9165
132 [2.9695 1102474 5.0715 {'ar-3a  [2,4025 [12.4004 |s.0684 | 2082  [2.66% [18.6797 |6.9524
2-82 2.2560 |[11.2762 |6.0856 28-32 2.4060 |12,4108 [5.0730 21.82 2.6660 (18,5007 16,9404
3-42 2,2676 |11,2049 |5.0097 28.32 2.4076 (12,4302 |5.9595 22-32 2.6576 {13.6107 {6.06ed
4-32 2.2600 |11.8187 }5.1138 | 20.32 2.4100 12,4586 [0,0050 23-82 2.6600 |18.6897 |6,9890
5-82 3.2:25 [11,8825 [6.1270 80-82 2.4125 (12,4780 {6.0200 24-82 2.6626 |18,6607 |7.0000
6-32 2.2650 [11,8513 [5.1421 3132 2,4150 (12,4974 |6.0362 256-82 2.6650 [13.6797 [7.0176
7-82 2.2076  [11,8701 |6,15063 [29 inches [2.4176 12,5168 |6.0518 206-82 23,6676 (18,6907 {7.0848
8-32 2,2700 {11,8889 [56.1705 1-82 2.4200 (12,6382 16,0676 27-32 2.5700 [18.7197 |7.U510
9.32 2.2726 {11.4077 |6.1847 2-32 24,4225 (12,5636 |6,0882 28-82 2.5726  118.7897 |7.0601
10-82 2.2760 {11,4265 {6,1090 8-82 2.4260 112.67561 |6.0089 20-82 2.5700 118.7697 |7.0868
11-82 2,2776 11,4454 15.21388 4-32 23,4276 12,5945 |6,1140 80-33 2.6776 19,7797 |7,

12-32 2,2800 |11,4643 [5.2277 5-32 2.4300  [12,6140 |6,3504 81-82 2,6800 18,7998 [71.1407
12-32 2.2825 |11.4831 |5.2420 6.32 2.4825 19,6335 [6,1463 P31 inches [2,6826 [13,8189 |7,1880
13.82 2.2860 11,6020 |5.2564 7-32 2.4350 {12.6520 |6.16)0 1.82 2.6850 [18,8400 [7.1508
14-32 2.2875 |11,6209 [5.2708 8-32 23,4876 |12.6724 10,1777 2-82 2.6876 {18,800 17,1726
15-32 32,2000 [11,5898 [5,2853 0-32 2,4400 {12.6919 }6,1936 842 2.6000 18,8801 |7,1889
16.82  [2.2026 [11.6587 |5.2007 | 10-83  [2.4425 [12.7114 [6.2005 | 4-82  [2.5025 [18.0002 {7.2779
17.32 2,2050 (11,5776 |5,8141 11.82 4,4460 [12,7810 [8.2955 4-32 2.6060 {18.0208 {7.2248
18-32 2,2076 |11,6905 |6,8285 12-33 2.4476 (12,7505 |6.2414 5-32 2.6976 {18.940¢ [7.9420
19-32 4.8000 (11,6154 |5.8430 18-32 2,4600 (12,7701 [6.2574 0-82 4,6000 |18,0000 |7.2605
2033 (2,402 (11.6348 [6.8570 | 1483 [2.46% [12.7006 |o.9134 § .83 Jo.co2s [18.0807 [1.77%8
21-82 2.3050 |11.6534 |5,8722 15-33  |2.4550 [12.8092 16.2804 8-82 2.06060 |14.0009 |7,2945
22-34 2.8075 111.67<8 |5,3868 16-32 9, 487F 112,887 |1,30564 9-82 2,6076 [14.0210 17,8190
2433 |2.3100 11,6918 [5.4m4 § 1782 |[2.4c00 |12.8183 [6.8214 | 10-32  [2.6100 [14.0412 {7.9202
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2 28 2 28 2 s2
11.83  [2.6125 (14.0514 [7.3471 § 2032 [2.7425 [15.1239 [8.2954 | 1532  |2.8725 [16.2119 | 9.3187
1282 [2.6150 [14.0816 }7.8647 | 3032  [2.7450 [15.1416 [8.3144 [ 1632  [2.8750 115.2331 | 9.8340
1832 [2.6175 [14.10i8 §7.8923 § 8133  12.7475 [15.1653 [8.8483 [ 17-33  |2.8776 [16.2542 | 9.8543
1683 [3.6200 [14.1220 [7.5999 |83 Inches [2.7500 [16.1860 [8.8523 | 1883  {2.8800 [16.2754 | 9.8746
1582 [3.6225 [14.1422 (7.4176 132 12.759% [15.267 [8.3713 § 19-32  |2.8825 {16.2966 | 9.8950
1832 |20 l14.16u4 {7.4352 | 233 |2.7550 {15.2274 |8.3903 } 2032  ]2.8850 [16.3178 | 9.4154
1782 [2.6275 [14.1826 |7 4529 883 [2.7576 {15.2481 {8.4093 1 21-82  |2.8875 [16.3891 | 9.4859
1882 [2.6300 14,2039 |7.4707 482 Ja.7600 [15.2689 [8.428¢ ].22.33  [2.8900 [16.3603 | 9.4563
1082 12,6825 [14.2231 {7.4884 582  [2.7625 |15.2896 [8.4474 | 2382  [2.8925 (16.3815 | 9.4768
20.32  |2.6350 |14.2434 |7.5063 633 [2.7650 |15.3104 [8.4665 | 2433  [2.8950 [16.4128 | 9.4973
21.82  [2.6875 14,2637 {1.5240 783  [2,7675 [15.8312 |8.4857 § 2532  |2.8976 {16.4240 | 9.6178
9283 |2 6460 [14,2840 [7.5419 832 |2.9700 {15.8520 (8.5050 J 2632  |[2.9000 [16.4453 | 9.5383
2832 (2.6425 {14.3048 }7.5598 § 933 12,7126 [15.8728 l8.5242 | 2792 [2.9025 [16.4665 | 9.5588
24.82  [2.6450 [14.8246 {7.5777 § 1082  [2.7960 [15.3935 [3.543¢ [ 2832  [2.9050 |16.4878 | 9.5794
25.82  |2.6476 |14.8449 [7,6956 [ 1183  [2.7716 {15.4141 |8.5627 J 2883  [2.9076 [16.50u1 | 9.6000
26-32  |2.6500 |14.8652 [7.6185 [ 1282  [2.7800 }15.4352 |8.5820 | 2082  [2.9100 [16.5304 } 9.6207
9732 |2.6525 [14.8856 |7.6316 | 12.32  [2.7825 |15.4660 (8.6013 § s30.82  ]2.9125 116.5517 | 9.6413
28-32 2.6550 (14,4059 [7.6495 13-32 2.7850 15,4768 |8,6208 81-33 2.9150 16,5780 . 6620
9882  [2.6676 [14.4263 [7.6676 [ 14-33  [2.7875 [15.4976 |8.6309 {35 inches |2.9175 [18.6943 | 9.6628
29.83  [2.6600 |14.4.67 |7.68)7 ] 15.82 7900 |15.5185 [8.6698 K 2.9200 [16.6157 | 9.7036
80-32  [2.6626 [14.4670 |7.7037 | 16-93 12,7925 [15.5894 [8,6787 2.82  [2.9225 |16.6370 | 9.7244
8193  |2.6650 [14.4874 |7.7218 § 1732  |2.7960 |15.5603 |8.6982 332 [2.9260 16,6584 | 0,746
89 inches |2.6675 |14.5077 {7.7309- | 1832  {2,7076 {15.5811 |8.7176 482  [2.92756 |16.6797 | 9.7660
182 {2.6700 {14,6281 [7.7680 | 19-32  ]2.t000 ]15.6020 [8.7871L 532  |2.9300 |16.7011 | 9.7868
2.32  |2.6725 [14.5486 |7.7762 | 20.82  [2.8025 |15.6229 [8,7667 682  [2.9835 [16.7325 | 9.8077
382  [2.6760 [14.5690 |7.7944 ¥ 2182  [2.8050 |[15.6488 |8.7762 7.32  [2.0850 [18,7489 | 9.8287
482 [2.6776 [14.5894 17.8126 § 2282  [2.8075 |15.6647 {8.7058 832  |2.9875 [16.7653 | 9.8496
582  {2.6800 |14.6099 |7.8308 ] 23-32  {2.8100 [15.6857 |3,8154 9-32  {2.9400 116.78687 | 9.870%
632 |2.6825 |14.6308 |7.8492 § 24.83 - |2.8125 |16.7066 [8,8350 § 1032  [2.9425 [16,8081 | 9,8916
782 [2.6850 [14.6508 |7.8676 J 25-82  |2.8150 [15.7276 [8.8547 ] 1182  [2.9450 [16,8295 | 9.9128
882  [2.6875 [14.6712 17,488 26-82  {2,8176 115.7485 18,8748 § 1232  (2.9475 [16.8509 | 9.0836
9-82 2,6 14,6017 |7.8041° 3 27.82 2. 16,7695 {8.8040 § 18-82 2.9500 {16.8724 | 9.9547
10-82 2.6925 14,7122 |7.9228 28-92 2,.6225 |15.7904 18,0187 14-83 2,0525 |16.8938 | 9,0758
11-32 19,6050 [14.7937 |7.9400 ¥ 2082  |2,8250 |15.8114 8,0334 J 1592  [2.9550 |16.9168 | 9.0970
1282 [2.6976 [14.7882 |7,0608 § 50.82  [2,8276 |15.8824 [8.9682 [ 1682  [3.0576 [16,9868 [10.0181
13-82  [2,7000 [14.7787 {7.9778 | s1.32 |3, 16.8584 [8.9780 § 17.82  [2.9800 {16.9583 [10.0898
1482  [2.7025 [14.7942 [7.9963 [34 inchos {2.8825 {15.8744 [8.9928 J 18-83  2.9025 16,9798 |10.06056
15-83 2,705 [14,8147 18.0147 182 [2.8350 {15.8954 {9,0127 [ 1952  [2.9680 [17.0013 |10.0818
16-82  [2.7076 [14.8352 18,0332 282 {2,8875 15,9164 |0.0826 [ 20-82  [2.0875 {17.0228 [10,1080
17-82  [2.7100 {14.8558 [8.0518 | 882  [2,8400 [15.9878 [0.0526 § 20-32  {2.9700 {17.0443 110,1243
1832 ]2.7125 |14.8764 18,0704 433 [2.8425 [15.9585 19,0724 § 2182  |2.9725 |17.0658 |10.1456
18-83  [2.7160 ]14,8970 [8,0801 487  [2,8450 [15.9708 [9.002¢ | w232  |2.9760 [17.0873 [10.166%
20-82 9,717 [14.8176 [8,1077 5.32  |a.8475 [16.0007 [0.1124 [ 23-33  |2.9776 [17.1088 |10.18:8
2082 2,7200 [14.9u82 {8.1264 632  ja.r60) [16,0218 [9.1824 § 24-82  ]2.98 17.13v4 10,2097
2183 [0.7225 (14,9388 [3,1451 792 [2.6525 116.0420 [0.1525 | 25-82  [2,9825 [17,1520 [10.2812
42-8%  a.7280 14,9704 18,1638 882 [2.8560 [16.0640 |0.1726 £ 2692  {2,9850 17,1783 10,2528
2832 [2.74i5 ' [15.0000 [8,1825 032 l2.8575 {16.0851 [9.1926 [ 27.83 " [2.9876 [17.1051 110.9741
2482 |2,7800 [15.0206 [8,2012 § 1082  {2.8600 {16.1063 [9.2137 | 28-32  {2.8%00 17,2167 [10.2936
95.82  {2,7825 [16 0412 18,2200 [ 1192 ° |2.8646 |[16,1278 [0,2828 [ 2082  [2.9925 17,2388 [10.3171
2693 [2.7950 15,0610 [8,2389 § 12.83  [2.8650 {16.1484 10,2580 |} 80-83 12,0950 [17,2689 10,3387
9782 . [2,7875 .|15.0825 [8.2577 J 1382  12.86i6 [16.169 [0.2782 [ $1.82  |2.0975 ]17.2810 |10.8603
2882 [2.7400 |15.1082 [8.2765 Y 14-82  [2.8700 [16.1907 [9.2934¢ [36 inches |3 feet }17.8032 10,8819
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{ .
Discharge over Rectangular Weirs—Continued.
HEAD, H,
{ On Crest, DISCHARGE IN CUBIC FEET PER SECOND,
" Measured to still WITH TWO COMPLETE CONTRACTIONS.
| water. See page 20. - - .
l
' y In Inches
1 - 8 Feet 9 Feel 10 Feet .11 Feet 12 Feet
; (l‘:g‘%?;x; In Feet. Long. Long. Long. Long. Long.
7-16 2.705 1106020 | 126.3176 | 140.1328 | 164.9470 | 169.7617
] 816 2,910 110.7946 | 125.6604 | 140.5063 | 155.3620 | 170.217%
J 9-16 2.716 111.0869 | 125.9830 | 140.8809 | 165.7779 | 170.6749
| 10-16 2,720 111.3782 | 126.8174 | 141.2556 | 186.1988 | 171.1R20
‘ 1116 2.725 111.6714 | 126.6508 | 141.6302 | 166.6006 | 171.5890
19-16 2,730 111,966 | 126.9842 | 142,0048 | 157.0254 | 172.0460
15-16 2.135 112.2568 | 127.3182 | 142.8801 | 157.4420 | 172,6039
14-16 2.740 1125491 | 127.6528 | 142,7566 | 157.8387 | 172,v619
16-16 2,746 112,8424 | 127.9870 | 143.1316 | 158.2702 | 173.4208
83 fnches 2.750 118.1857 | 128.9217 | 148,6077 | 158.6937 | 173.8797
1-16 2.753 118.4289 | 128.6568 | 143.8837 | 150.1111 | 174,8385
2-16 2,760 118.7228 | 1v8.9917 | 144.2606 | 169.62056 | 174.7984
816 2.765 114.0167 | 120.3371 | 144.6376 | 169.9479 | 175,2583
4.18 2.770 114.8110 | 120.6680 | 145.0150 | 160.3670 | 176.7190
5-16 2.175 114.6046 | 120.9981 | 146.3916 | 10,7851 | 176,1786
6-16 2.780 114.8906 |- 180.9348 | 145.7700 | 161.2062 | 176.6404
7-16 2,185 116.1938 | 130.6706 | 146,1474 | 161.6242 | 177.1010
816 2,790 116.4887 | 18t.0072 | 146.5257 | 1620442 | 177,667
8.16 2,795 116.7842 | 181.3446 | 146.9048 | 102.4661 | 178,0254
9-16 9,800 116.0789 | 181.6809 | 147.2820 | 102.5840 | 178.4800
. 10-16 2,803 116,3743 | 132,0180 | 147.6618 | 163.8050 | 178.9404
11-16 2.810 116.6702 | 182.8659 | 148.0416 | 168.7273 | 179.4180
. 1216 2,816 16,9661 | 182.6037 | 148.4218 | 164.1489 | 170.8768
13-16 2.820 117.2620 | 183,0916 | 148.8010 | 164.5706 | 1808400
. 1418 2,825 1i7.5578 | 188.8692 | 140,1806 | 1649920 | 1808034
15-16 2.880 117,8642 | 188,7076 | 140.6610 | 165.4144 | 181.2078
84 {nches 2,835 118,1605 | 184,059 | 149.9413 | 105.8367 | 181.9321
-16 2,840 18,4476 | 184,8850 | 150.8226 | 100.2600 | 143,197
2-18 2,845 18,7444 | 1847240 | 150,7036 | 160.0832 | 182.6628
8.18 2,850 110.0120 | 135.0638 161,0856 | 167.1074 | 188.1202
416 2,855 110,8304 | 1954084 | 1514074 | 167,6814 | 183,5054
8.18 2,860 110.6869 186,5481 161,8493 1079566 | 184,0017
6.16 2,888 110,0842 1 1806,0820 | 152,2310 [ 168.8704 | 184,5078
1-16 2,870 1202522 | 186.4220 | 152.0186 | 168.8048 | 184.9080
8-16 2,875 120.6808 | 186,7630 { 152,9970 | 169.2801 | 185.4032
9-16 2.880 1208280 | 187.1040 | 158.8704 | 100.0548 | 185.0302
10-16 2.885 141,1270 | 187.4448 | 168,76238 | 170.0804 | 186.4082
11-16 2,800 121.4261 | 187.7804 | 154,1467 | 170.6070 | 180.8673
1216 2,803 191.7251 188.1270 | 154,6307 | 170.0886 | 187.8308
1816 2.900 122.0241 198, 4604 164,9147 111, 8000 187,5063
- 14-16 2,903 122.8280 | 188,8108 | 165,2080 | 171,7884 | 188,742
15-16 2,910 122,6228 | 180.1620 { 165.0838 | 17,2187 | 18K.Tdd1
85 Inchos 2.916 122,0920 | 189.4950 | 1600680 | 174,0410 | 18,2140
86 Inchos 2,920 128,9220 | 180.8317 | 186.4n3¢ | 173.0601 | 180,6848
1-18 2.02 128,6220 | 140.1604 | 150.8388 | 178.4v72 | 100.1650
2.16 2,930 128.8220 | 140.8231 | 157.9242 | 173.0258 | 100.6264
8-1¢ 2.9%8 1324,1928 140.8004 167.6103 174, 85412 101,0081
418 2,149 124.4280 141.2007 | 187.006¢ | 174.7881 | 101,8608
5-16 2.948 124,7284 141.5620 | 168.8324 | 16,9118 | 1920414
8-16 2,950 0246 141,8000 158.7608 178.0417 102,814}
7.18 2.088 135,8954 142,407 150.1800 176,0718 1030800
810 2.900 135.6271 142, 8854 160.5487 176,8020 | 10,4608
9-18 2,008 196.9260 | 142.0200 | 160.9512 | 170,085 | 108,0038
1u-16 2,970 120.2801 148,2744 160,8187 117,800 104,4078
11-16 2,076 136.5816 148,6188 160,1061 11,7034 104,8807
12-18 2.080 120.0985 148,0699 161,0044 178. 2247 105, 85861
18-10 2,088 127.1864 44,8089 161, 4624 178.0000 108.6404
14-18 2,900 147,4880 144,06847 161.8714 179,(:881 104.8048
18-10 2,905 1971.7408 16,0004 | 169.2008 | 170.5202 | 106,7810
36 Inchoa 8,000 0438 145,8469 .

162.0301

170.9088
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TABLE V.

Discharge over Cippoletti’s Trapezoidal Weir of Various Lengths and with
Various Depths, and Over Rectangular Weirs without Side Contraction.

Formula, D — 3.33 L Hi

Depth of Water

DISCHARGE IN OUBIC FEET PER SECOND.

on Crest.

‘In In 1 Fbot 1% Feet ‘2 Feet 8 Feot 4 Feet 6 Feet 10 Feet

Inches. Feet. Long. 8. Long. Long. Long. Long. Long.
] .02 0185 .0202 .0269 0404 .0639 0673 1847
.6 05 L0387 .0566 0754 L1131 .1608 .1885 L8771
9 076 0690 .1085 1380 L2071 .2761 23451 .6902
1.2 .10 L1064 1696 .2128 .8102 4236 5819 1.0639
1.5 125 .1488 ,2283 .2078 .4464 L0952 .7440 1.4881
1.8 16 .1956 .2934 8912 6868 1824 9780 1,95680
2.1 176 2464 .8697 4929 .7898 .9858 1,2322 2.4644
2.4 .20 .8010 L4516 .6020 0070 1.2089 1,5049 38,0008
2.7 . 226 .8502 .56388 . 7184 1.07717 1.4869 1.7981 3.6923
8.0 .25 .4208 L6812 8417 1.2626 1.6833 3.1041 4.2083
8.8 L2478 48565 7282 0708 1,4564 1,9419 2.4278 4,8547
8.6 .80 .8681 8207 1.1068 1,6504 2.2126 23,7657 5.6314
8.9 .828 .6238 .03568 1.2477 1.8715 2,4954 8.1192 6.2384
4.2 .86 6972 1,0469 1,8046 2,0917 2.7890 3.4862 6.0724
4.5 878 7180 1,1595 1,6460 2,8160 8,0920 3.50649 7.7299
4.8 .40 12777 1,7036 2.656538 8.40M 4.2688 -8.5177
5.1 425 1:8998 1.8658 2.7987 8.7818 4,6045 9.8290
6.4 .40 1,6246 2,0828 8.0492 4,0660 5.0820 10.1640
5.7 476 1,6684 2,2046 8,8067 4,4089 5.5113 11,0228
6,0 .80 1.7864 2.8805 8.5708 4.7610 5.9512 11,9026
6.8 525 1,9210 2.5014 8.8420 5,1927 6,4084 12,8068
6.0 B85 2.0699 2.7465 4,1108 5.4930 6.4603 18,7926
6.0 76 2.2018 2,0857 4.,4088 5.8718 7.8808 14,6187
7.2 .00 2.8472 8.1208 4.6089 0.2585 7.8281 15.6463
7.0 025 2.4056 8.8274 4,9011 0,0548 8,8185 18,6370
7.8 .08 0402 8,56248 5.2024 7.0068 8.8208 17,0418
8.1 670 2,8007 8,7848 5.6014 7.4686 9.9357 18,0715
8.4 R 8.0497 5.9150 7.8874 9.8503 14,8080 19,7188
8.7 128 4,1608 6,2047 8,2030 10,8012 14,6457 20,7624
9.0 15 4.9783 0.8500 8,7440 10.9093 15.8005 21,8075
9.8 18 4,6042 a.5013 90,1883 11.4854 16,0798 | - 22,0708
0.0 .80 4.8171 7.9208 09,0384 12,0442 16,8010 24,0085
0.9 828 5,0483 7.8079 0.0900 12,6182 17,0588 25,2264
10,2 B8 seevensy 7.0184 10,6538 18,1028 18,4692 20.8846
10.5 878 Craeess 8,2669 11,0228 18,7181 19,2803 97,6562
10.8 D0 verseens 8,6234 11,4078 14,8733 40,1913 28,7446
1.1 028 sesranes 8,0850 11,0800 14,9740 20,9640 20,0499
11,4 05 Cerseane 0.8010 12,4088 15,6860 21,8304 81,1730
11,7 078 sesesees 0.7283 12,0044 16,2054 22,0970 82,4019
12.0 1.00 veer ven 10,1000 18,6067 10,8333 29,5067 83,0607
12,8 1,028 T 10,4808 18,9744 17.4670 24,4851 84,9000
12,6 L8 sesseenn 10,8000 14,4888 8.1110 25,8554 86,9340
12,0 1,078 seavanns 11,2078 18,0100 18,7634 20,2074 47,6049
18,9 1,10 cesrnren 11,6504 18,0308 10,4208 47,1888 8R.8412
18,8 1.1% sesiaas 12,0518 18,0684 20,0835 28,1108 40,1711
18.8 1,150 Ceerees 12,4063 16,6071 20,7688 29,0034 41,8117
.1 1178 pevseire b oviieanes 12,8044 , 1835 21,4408 80,0168 42,8819
.4 1.2 199764 | ‘177010 | 920914 | 80.9784 | 44,2048
W7 1,323 veveuses | secnnee 19,6980 18,2881 92,8220 81,0017 45,0463
18,0 1.2 veneeins | ciiaden 14,1148 18,8107 94,6946 81,0944 47,0403
18.9 1,98 e o TR 14,8410 . 34,9349 88,9280 48,0000
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Discharge over Rectangular Werrg—Concluded.

Depth of Water DISCHARGE IN OUBIO FEET PER SECOND.
on Crest.
In In 1 Foot 1% Feet 2 Feot 3 Foot 4 Feot 5 Feet 10 Feet
Inches. Foet. Long. Long, Long. Long. Loug. Long. Long.
15.8 1.8 19.9603 24,9508 84,9305 49,9007
15.9 1.825 20,5391 25.6742 |* 85,9489 51.3484
16,2 1,85 21.1238 26,4047 86.46456 52,8085
16.4 1.876 21.7123 26.1404 87.9866 54.2808
16.8 1.4 iesenaan 22,8075 27.8844 39,0882 55.7688
17.1 1.425 22,9083 28,6852 40,0893 57.2704
17.4 1,45 resieves 23,5128 20,8910 41,1474 68,7820
7.9 1.475 24,1242 80.1652 42,2178 60.8108
18.0 1.6 [ETPRTEN vereanas 24,7896 30.9245 49,2043 61.8490
18.3 1,625 . . 25,3604 81,7006 44,3808 68,4011
18.6 1.56 [T 25,9866 82.4833 45,4766 G4.90060
18.9 1.576 eaneens vesionns ceene 26,6182 88,2737 40.6818 €6.5455
19.2 1.6 TTREE cevaiien 84.0685 47,6959 68.1370
19.56 1.625 . 84,8702 48.8183 69,7405
19.8 1.66 TR . 85.6782 49,9406 71,8506
20.1 1.676 ceansese 36.4913 51,0878 72,4836
20.4 1.7 PR PO 87.8111 53,2855 74,6222
2.7 1.723 Cever an 88,1976 53,8920 76,2762
a1.0 1.756 see eans . 88.9091 i4.60608 77.9883
21.8 1,716 ves aenn eeane 89.8074 66,7804 70,6149
21,0 1.8 40,0616 | ©60.9121 | 83,8030
21.9 1,826 41,8009 68.1018 83,0018
22,9 1.85 42,857 69.3008 84,7164
22.5 1,876 48.2179 60,5031 86. 44568
22.8 1.9 e waee a81.7211 88,1780
23,1 1,026 veraeee 62,9442 80,0403
23.4 1.93 beve-ns 64,1720 01,6748
23,7 1,975 e e eeaees 65,4118 08,4402
24,0 2,0 sereanas eer as Vereaens seeraeee 00,4600 05.2228
25.6 2.125 cess ervieane 72,000 104,289
27,0 4.28 T T 79.641 118.63
28,8 3.4 ceerares e 87,610 125.18
50,0 2.5 e b b e L v o L oname | 1sson
TABLE VI.
Some Useful Physical Constants,

1acre = 48,600 4q, ft,

1 8econd-foot = 450 goullons por minuto,

1 cuble fool = 7.6 vallons,

1 cubt- foot of wator wolghs 6214 poundas at average tomporn{ure,
1 socond-foot

= 2 aoro-feot in 24 hours (approx.),
. 1,000,000 cublo foet = 23 acro-foot (approx.),
100 Californis Inchios = 4 noro-foot In 24 hours,
100 Colorado fnchos =+ 8 1.8 ncro foot in 24 hours,
50 California inchos =3 1socond-foot,
88,4 Colorndo Incher = 1socond-foot,
1 Oolorado Inch == 17,000 gollona In 2 hours (approx, ),
1 second-foot = 80% ncro-foot In 80 deys,
® noro foot == 1 agoond-toot por day or .08 eocond.foot In '
80 days.
100 Qalifornin inches == .07 sore-foot por 24 hours,
1 acre-foot w 25,2 Galifornia miner's inchos In 34 hours,

\ tecond-foot T34% nore-feot In 1 yoar.



